- This Page Is Inserted by IFW Operations
and is not a part of the Official Record

' BEST AVAILABLE IMAGES

* Defective images within this_do‘éument are accurate representations of
 the original documents submitted by the applicant.

- Deéfects in the images may include (but are not limited to):

. BLACK BORDERS
« TEXT CUT OFF AT TOP, BOTTOM OR SIDES
o FADED TEXT |
. ‘ILLEG[BLE TEXT
e  SKEWED/SLANTED IMAGES
"'« COLORED PHOTOS |
« BLACK OR VERY BLACK AND WHITE DARK PHOTOS
'« GRAY SCALE DOCUMENTS

- BLANK PAGES |
' IMAGES ARE BEST AVAILABLE COPY.
| As reSCan'ﬁihg d()c'uments will not correct ima‘gés,

please do not report the images to the
Image Problem Mailbox.



B!
i

1
2L

«UK Patent Application «GB 2 344 606 .»A

(43) Date of A Publicstion 14.06.2000

(21) Apptication No 9926449.1 (51) INTCL”
E21B 33/14 43/10
(22} Date of Filing 08.31.1999
152) UK CL (Edition R )
{30} Priority Dats EIFFJTRLA
31) &01112%3 (32) 07.12198¢ (33) US
(58) Documents Cited

GB 2320918A GB2305682A  GB 2115850 A

71} Applicant(s) WO 98/00626 A US 5348095 A
MWMWK\L
Onoarporated in the Netheriends) (58) Field of Search
Depertment 1P/43 Caral Van Bylendtisan 30, UK CL (Edition R ) BIP PEEB PEQ, E1F PJT FJU ALA
2506 HR The Hague, Netheriands INT CL7 £218 12/00 29/00 33/00 33/03 33/04 33/10
33/138 33/%4 ©3/10
(T2} inventor(s) Oniine: EPODOC, JAPIO, WP
Rabert Lance Cook
David Paul Brisco
R Brueé Seewaert (74) Agent and/or Address for Service
Lev Ring . Haseltine Lake & Co
Richard Cart Haut Imperial House, 15-19 Kingsway, LONDON,
Robert D Meck WC28 $UD, United Kingdom
(54) Abstract Title

Wellbore casing with radisily expanded liner extruded off s mandrel.

(57) Atubular liner 210 and mandrel 205 are positioned within a section of wellbore 100 with the tubular liner
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WELLBORE CASING

Cross Reference To Related Applications

This application claims the benefit of the filing date of U.S. Provisional
Patent Application Serial Number 60/111,293, attorney docket number 25791.3,
filed on 12/7/1998, the disclosure of which is incorporated herein by reference.

Background of the Invention

This invention relates generally to wellbore casings, and in particular to
wellbore casings that are formed using expandable tubing.

Convenﬁonaﬂy,whenawallbogeismawd,ammherofcasingsm
installed in the barehole to prevent collapee of the boreksle wall and to prevent
undesired outflow of drilling fluid into the formation or inflow of fluid from the
formation into the borehole. The borehole is drilled in intervals whereby a casing
whichiswbemstanedinahwerbomholemtervalislowemdthmughapmiomly
installed casing of an upper borehole interval Asa consequence of this procedure
the casing of the lower interval is of smaller diameter than the casing of the upper
interval. Thus, the casings are in a nested arrangement with casing diameters
decreasing in downward direction. .Cement annuli are provided between the outer
surfaces of the casings and the borehole wall to seal the casings from the borehole
wall. As a consequence of this nested arrangement a relatively large borehole
diameter is required at the upper part of the wellbore. Such a large borehole
diameterinwheshcreaaedmduetohuvyeasinghandlingequipment,large
drillbitsandinaeasedvolumesofdrmingﬂnidanddrillmtﬁngs. Moreover,
increased drilling rig time is involved due to required cement pumping, cement
hardening, required equipment changes due to large variations in hole diameters
drilled in the course of the well, and the large volume of cuttings drilled and
removed.

The present invention is directed to overcoming one or more of the
limitations of the existing procedures for forming new sections of casing in a
wellbore.

Summary of the Invention

Aocordingtooneaspectofthepresenﬂnvmtion,amethodofforminga
wellbomcasingisprovidedthath:dudeeinstaﬂhgambuhrﬁnerandamandml
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~
in the borehole, injecting fluidic material into the borehole, and radially expanding
the liner in the borehole by extruding the liner off of the mandrel. '

According to another aspect of the present invention, a method of forming
a wellbore casing is provided that includes drilling out 8 new section of the
borehole adjacent to the already existing casing. A tubular liner and a mandrel are
then placed into the new section of the borehole with the tubular liner overlapping
an already existing casing. A hardenable fluidic sealing material is injected into
an annular region between the tubular liner and the new section of the borehole.
The annular region between the tubular liner and the new section of the borehole
is then fluidicly isolated from an interior region of the tubular liner below the
mandrel. A non hardenable fluidic material is then injected into the interior
region of the tubular liner below the mandrel. The tubular liner is extruded off of
the mandrel. The overlap between the tubular liner and the already existing
casing is sealed. The tubular liner is supported by overlap with the already
existing casing. The mandrel is removed from the borehole. The integrity of the
seal of the overlap between the tubular liner and the already existing casing is
tested. At least a portion of the second quantity of the hardenable fluidic sealing
material is removed from the interior of the tubular liner. The remaining portions
of the fluidic hardenable fluidic sealing material are cured. At least a portion of
cured fluidic hardenable sealing material within the tubular liner is removed.

According to another aspect of the present invention, an apparatus for
expanding a tubular member is provided that includes a support member, a
mandrel, a tubular member, and a shoe. The support member includes a first fluid
passage. The mandrel is coupled to the support member and includes a second
fluid passage. The tubular member is coupled to the mandrel. The shoe is coupled
to the tubular liner and includes a third fluid passage. The first, second and third
fluid passages are operably coupled.

According to another aspect of the present invention, an apparatus for
expanding a tubular member is provided that includes a support member, an
expandahlemandreLatnbuhrmember,ashoe,andatleastonesealingmember.
The support member includes a first fluid passage, a second fluid passage, and a
flow control valve coupled to the first and second fluid passages. The expandable

.92.



mandreliseoupledtothesupportmemberandindudesuthirdﬂtﬁdpasage. The
tubular member is coupled to the mandrel and includes one or more sealing
elements. 'I'heshoeiseoupledtotbetubularmemberandindudesafourthﬂuid
passage. Theatleastonemlingmemberisadaptedtopreventtheentryof

5 foreign material into an interior region of the tubular member.
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Ancordingtoanotha-aspectoﬂheprmtinvenﬁon,amethod of joining
aseeondtubularmemberhoaﬁrsttubuhrmembu,theﬁrsttubuhrmember
havinganinnerdiametu-matm-thanmouta-diameteroﬂheseeondmbular
member,ispmvidedthatmdudesposiﬁonhgamandmlwithinmintaiorregion
of the second tubular member. A’portion of an interior region of the second
mbuhrmberispresanizedandtheaecondhbuhrmemberiaemudedoﬂ‘of
the mandrel into engagement with the first tubular member.

According to another aspect of the present invention, a tubular liner is
pmvidedthatincludeeanannnlarmemberhxvhgoneormoresealingmembers
atanendporﬁonofthemnu!m-member,andoneormmpreasuremﬁefpassages
at an end portion of the annular member.

Aceordingtoanotheraspectofthepresentinvmﬁon,awellbm-ecasingis
provided that includes a tubular liner and an annular body of a cured fluidic
sealing material. The tubular liner is formed by the process of extruding the
tubular liner off of a mandrel. '

Amordingtomotheraspeetofthepmtinmﬁon,aﬁe-backlinerfor
Hninganexisﬁngweﬂborecasingispmvidedthatindudesatubularﬁnerandan
annular body of cured fluidic sealing material. The tubular liner is formed by the
process of extruding the tubular liner off of a mandrel. The annular body of a
cured fluidic sealing material is coupled to the tubular liner,

According to another aspect of the present invention, an apparatus for
expandingambularmemberisprovidedthatincludasampportmember, a
mandrel, a tubular member and a shoe, The support member includes a first fluid
passage, Themandreliseoupbdtothewpportmember. The mandrel includes
aseeondﬂtﬁdpassageopemhlyeoupledtotheﬁrstnnidpamge,aninterior
portion, and an exterior portion. The interior portion of the mandrel is drillable.
The tubular member is coupled to the mandrel. The shoe is coupled to the tubular

.3-
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member. The shoe includes a third fluid passage perably coupled to the second
fluid passage, an interior portion, and an exterior portion. The interior portion of
the shoe is drillable. |
Brief Description of the Drawings

FIG. l isa fragmentary cross-sectional view illustrating the drilling of a new
section of a well barehole.

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an
embodiment of an apparatus for creating a casing within the new section of the
well borehole.

FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a
first quantity of a hardenahle fluidic sealing material into the new section of the
well borehole.

FIG. 3a is another fragmentary cross-sectional view illustrating the injection
of a first quantity of a hardenable fluidic sealing material into the new section of
the well barehole.

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a
second quantity of a hardenable fluidic sealing material into the new section of the
well borebole.

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of
a portion of the cured hardenable fluidic sealing material from the new section of
the well borehole. .

FIG. 6 i5 a cross-sectional view of an embodiment of the overlapping joint
between adjacent tubular members.

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of
the apparatus for creating a casing within a well borehole.

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an
expanded tubular member within another tubular member.

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an
apparatus for forming a casing including a drillable mandrel and shoe.

FIG. 8a is another cross-sectional illustration of the apparatus of FIG. 9.

FIG. 8b is another cross-sectional illustration of the apparatus of FIG. 9.

FIG. 9¢ is another cross-sectional illustration of the apparatus of FIG. 9.

-4-
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FIG. 10a is & croes-sectional illustration of a wellbore including a pair of
adjacent overlapping casings. ‘
FIG. 10b is a cross-sectional illustration of an apparatus and method for
creating a tie-back liner using an expandible tubular member.
5 FIG. 10cisacross-aecﬁoml-ﬂ1umtionofthepnmpingofaﬂuidicsealing
casing.
FIG. 10disams&secﬁonalillus&aﬁonoftheprmﬁzingoftheinteﬁor
of the tubular member below the mandrel.
10 FIG. lmmammmwwmm&mmbuhr
member off of the mandrel.
FIG. IOfmaaoas-aeeuonalﬂhlsh'aﬁmoftheﬁe-backlinerbefomdﬁning
out the shoe and packer.
FIG. 10g is a cross-sectional illustration of the completed tie-back liner
15 created using an expandible tubular member.
FIG. llaisafragmantaryaoss-eecﬁonalviewﬂhlsuaﬁngthedrmingofa
new section of a well borehole.
FIG. 11bisaﬁagmenﬁaxycross—ncﬁonalviewihstmﬁngtheplacementof
anembodxmentofanappamtusforhnnmatubuhrhnermthmthenewsewon
20 of the well borehole.
FIG. llcmafragmentatya'oca-eecﬁonalviewmustmﬁngtheiqiecﬁonof
a first quantity of a hardenable fluidic sealing material into the new section of the
well borehole.
”  FIG. 11d is a fragmentary croas-sectional view illustrating the introduction
25 of a wiper dart into the new section of the well borehole.
FIG. llehamtmmmvkwmummgmwwﬁonof
a second quantity of a hardenable fluidic sealing material into the new section of
the well borehole.
FIG. 11f is a fragmentary cross-sectional view fllustrating the completion
30 of the tubular liner.



Detailed Description fthe Hlustrative Embodiments

An apparatus and method for forming a wellbore casing within a
subterranean formation is provided. The apparatus and method permits a
wellbore casing to be formed in a subterranean formation by placing a tubular
member and a mandrel in a new section of a wellbore, and then extruding the
tubular member off of the mandrel by pressurizing an interior portion of the
tubular member. The apparatus and method further permits adjacent tubular
members in the wellbore to be joined using an overlapping joint that prevents fluid
and or gas passage. The apparatus and method further permits a new tubular
member to be supported by an existing tubular member by expanding the new
tubular member into engagement with the existing tubular member. The
apparatus and method further minimizes the reduction in the hole size of the
wellbore casing necessitated by the addition of new sections of wellbore casing.

An apparatus and method for forming a tie-back liner using an expandable
tubular member is also provided. The apparatus and method permits a tie-back
liner to be created by extruding a tubular member off of a mandrel by pressurizing
and interior portion of the tubular member. In this manner, a tie-back liner is
produced. The apparatus and method further permits adjacent tubular members
in the wellbore to be joined using an overlapping joint that prevents fluid and/or
gas passage. Theapparamsandmethodfmtherpefmitsanawmbularmember
to be supported by an existing tubular member by expanding the new tubular
member into engagement with the existing tubular member.

An apparatus and method for expanding a tubular member is also provided
that includes an expandable tubular member, mandrel and a shoe. In a preferred
embodiment, the interior portions of the apparatus is composed of materials that
permit the interior portions to be removed using a conventional drilling apparatus.
In this manner, in the event of a malfunction in a downhole region, the apparatus
may be easily removed.

An apparatus and method for hanging an expandable tubular liner in a
wellbore is also provided. The apparatus and method permit a tubular liner to be
attached to an existing section of casing. The apparatus and method further have
application to the joining of tubular members in general

-6-



10

15

380

Referring initially to Figs. 1-5, an embodiment of an apparatus and method
for forming a wellbare casing within a subterranean formation will now be
described. As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean
formation 105. The wellbore 100 includes an existing cased section 110 having a
tubular casing 115 and an annular outer layer of cement 120.

In order to extend the wellbore 100 into the subterranean formation 105,
a drill string 125 is used in a well known manner to drill cut material from the
subterranean formation 105 to form a new section 130.

Asillusﬁ‘atedinFig.z,anappmamszﬂoforfomingawellboreeasingin
a subterranean formation is then positioned in the new section 130 of the wellbore
100. lheapparamszoopmfa-abbhdudennetpmdablemmdrelorpigzos,a
Mbuhrmamher210,ashoe215,alnwermpm1220.muppercupsea1225,a
ﬂuidpamge230,aﬂuidpassage235,aﬂnidpassage240,seds245,mdasuppon
member 250.

Theexpandablemandrel205iseoupbdeoandmpporwdbythesupport
member 250. Theexpandablemmdrelzosisprd'erablyadaptedtocontrollab]y
expand in a radial direction. TheexpandablemandrdZOSmmmpﬁseany
number of conventional commercially available expandable mandrels modified in
accordance with the teachings of the present disclosure. In a preferred
embodhnent,theexpanﬂabbmmd:d%wmmisesalvdrmﬁcexpamiontoolas
disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated
heteinbyreference,modiﬁedhaceolﬂaneewiththeteachingsofthepmsent
disclosure.

'I‘hetubularmember210issupportedbytheexpandablemandrel205. The
tubular member 210 is expanded in the radial direction and extruded off of the
expandable mandrel 205, The tubular member 210 may be fabricated from any
number of conventional commercially available matarials such as, for example,
Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, or
Plastic tubing/casing. In a preferred embodiment, the tubular member 210 is
fabﬁcatedfromOCPGinordertomaxhnizes&engthaﬁarupansion. The inner
and outer diameters of the tubular member 210 may range, for example, from
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred

-1-
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embodiment, the inner and outer diameters of the tubular member 210 range from
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally
provide minimal telescoping effect in the most commonly drilled wellbore sizes.
The tubular member 210 preferably comprises a solid member.

In a preferred embodiment, the end portion 260 of the tubular member 210
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 205
when it completes the extrusion of tubular member 210. In a preferred
embodiment, the length of the tubular member 210 is limited to minimize the
possibility of buckling. For typical tubular member 210 materials, the length of
the tubular member 210 is preferably limited to between about 40 to 20,000 feet
in length. ' |

The shoe 215 is coupled to the expandable mandrel 205 and the tubular
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may
comprise any number of conventional commercially available shoes such as, for
example, Super Seal IT float shoe, Super Seal Il Down-Jet float shoe or a guide shoe
with a sealing sleeve for a latch down plug modified in accordance with the
teachings of the present disclosure. In a preferred embodiment, the shoe 215
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down
plug available from Halliburton Energy Services in Dallas, TX, modified in
accordance with the teachings of the present disclosure, in order to optimally guide
the tubular member 210 in the wellbore, optimally provide an adequate seal
between the interior and exterior diameters of the overlapping joint between the
tubular members, and to optimally allow the complete drill out of the shoe and
plug after the completion of the cementing and expansion operations.

In a preferred embodiment, the shoe 215 includes one or more through and
side outlet ports in fluidic communication with the fluid passage 240. In this
manner, the shoe 215 optimally injects hardenable fluidic sealing materialinto the
region outside the shoe 215 and tubular member 210. In a preferred embodiment,
the shoe 215 includes the fluid passage 240 having an inlet geometry that can
receive a dart and/or a ball sealing member. In this manner, the fluid passage 240
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements
into the fluid passage 230.
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The lower cup seal 220 is coupled to and supported by the suppart member
250. Thelmcupeeal%ﬂpmventsforeignmataialsfrmmwﬁngtheinteﬁor
region of the tubular member 210 adjacent to the expandable mandrel 205. The
lowercupaeal220mzyeompﬁsemmnnberofconmtionalcommercially
available cup seals such as, for example, TP cups, or Selective Injection Packer
(Sﬂ’)mpsmodiﬁedinawoxdmeewiththateachingsofﬂnmtdisdosum. In
apmfmedembodiment,thelowermpwal%mmpﬁmaSIPcumeavaﬂable
ﬁvaaﬂiburtonEnmServieesinDaﬂas.TXinordertoopﬁmaﬂybbckforeign
material and contain a body of lubricant.

The upper cup seal 225 is coupled to and supported by the support member
250. neupperaxplealmmvantsfcmignmteﬁalsﬁommbeﬁngtbehteﬁor
region of the tubular member 210. The upper cup seal 225 may comprise any
number of conventional commercially available cup seals such as, for example, TP
axpsorSchupsmodiﬁedinaeeordaneewiththeteachingsofthepremt
disclosure. Inaprefenedembodiment,theuppercupul%eompﬁseaasm
mp,avaﬂable&omlhﬂibtmhnEnergyServieeshDalhs,TXinordertoopﬁmaﬂy
block the entry of foreign materials and contain a body of lubricant.

Theﬂuidpasmge%Opermitaﬂuidicmaterials.tobetransporwdtoand
ﬁomtheinteﬁormgionofthembuhrmemberﬁObelowtheupandablamandrel
205. The fluid passage 230 is coupled to and poeitioned within the support
member 250 and the expandable mandrel 206. The fluid passage 230 preferably
extendsﬁnmaposiﬁonadjacmttothesurfammthebottmoftheexpandable
mandrel 205. The fluid passage 230 is preferably positioned along a centerline of
the apparatus 200.

The fluid passage 230 is preferably selected, in the casing running mode of
opemﬁon,tohanapmtmateﬁalssuchasdﬁmngmndorfomaﬁonﬂuidsatﬂnw
mtesandpmmsran@‘ngﬁvmaboutOtos,OOOgaﬂondminuteandOtos,ooo
psiinordertominimizedragonthetubularmemberbﬁngmnandtominimize
surge pressures exerted on the wellbore which could cause a loss of wellbore fluids
and lead to hole collapse.

The fluid passage 235 permits fluidic materials to be released from the fluid
passage 230, Inthiamanner,duringplaeementoftheappamhxs%Owithinthe
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new section 130 of the wellbore 100, fluidic materials 256 forced up the fluid
passage 230 can be released into the wellbore 100 above the tubular member 210
thereby minimizing surge pressures on the wellbore section 130. The fluid passage
235 is coupled to and positioned within the support member 250. The fluid
passage is further fluidicly coupled to the fluid passage 230.

The fluid passage 235 preferably includes a control valve for controllably
opening and closing the fluid passage 235. In a preferred embodiment, the control
valve is pressure activated in order to controllably minimire surge pressures. The
fiuid passage 235 is preferably positioned substantially orthogonal to the centerline
of the apparatus 200.

The fluid passage 235 is preferably selected to convey fluidic materials at
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into
the new section 130 of the wellbore 100 and to minimize surge pressures on the
new wellbore section 130.

The fluid passage 240 permits fluidic materials to be transported to and
from the region exterior to the tubular member 210 and shoe 215. The fluid
passage 240 is coupled to and positioned within the shoe 215 in fluidic
communication with the interior region of the tubular member 210 below the
expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional
shape that permits a plug, or other gimilar device, to be placed in fluid passage 240
to thereby block further passage of fluidic materials. In this manner, the interior
region of the tubular member 210 below the expandable mandrel 205 can be
fluidicly isolated from the region exterior to the tubular member 210. This permits
the interior region of the tubular member 210 below the expandable mandrel 206
to be pressurized. The fluid passage 240 is preferably positioned substantially
along the centerline of the apparatus 200.

The fluid passage 240 is preferably selected to convey materials such as
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0
to 8,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular
region between the tubular member 210 and the new section 130 of the wellbore
100 with fluidic materials. In a preferred embodiment, the fluid passage 240
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includes an inlet geometry that can receive a dart and/or a ball sealing member.
Inthismm,theﬁuidpassageMOmbeaealedoﬂ‘byinbodudngaphg,dm
and/or ball sealing elements into the fluid passage 230.

The seals 245 are coupled to and supported by an end portion 260 of the
tubular member 210. The seals 245 are further positioned on an cuter surface 265
of the end portion 260 of the tubular member 210. The sgeals 245 permit the
overlapping joint between the end partion 270 of the casing 115 and the portion
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise
any number of conventional commercially available seals such as, for example,
lead,mbber,Teﬂon.orepoqyaalnmodiﬂedinacemdancawiththeteachingnof
the present disclosure. In a preferred embodiment, the seals 245 are molded from
Stratalock epoxy available from Halliburton Energy Servicesin Dallas, TX in order
to optimally provide a load bearing interference fit between the end 260 of the
tubular member 210 and the end 270 of the existing casing 115.

Inapreferredembodiment,theseals%areaelectedtooptimaﬂypmvide
a sufficient frictional force to support the expanded tubular member 210 from the
existing casing 115. Inaprefenedembodiment,theﬁ’idionalforceopﬁmauy
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to
optimally support the expanded tubular member 210.

Thempportmember250iseoupledtotheupandahlemandre1205,tubular
member 210, shoe 215, and seals 220 and 225. The support member 250
pmferablyeompﬁmsanannularmemberhaﬁngmﬁdents&engthtoearrythe
apparatus 200 into the new section 130 of the wellbore 100. In a preferred
embodiment, the support member 250 further includes one or more conventional
centralizers (not illustrated) to belp stabilize the apparatus 200.

Inapreferredembodiment,aquanﬁtyoflubricant275ispmvidedinthe
ennular region above the expandable mandrel 205 within the interior of the
tubular member 210. In this manner, the extrusion of the tubular member 210 off
of the expandable mandrel 205 is facilitated. The lubricant 275 may comprise any
number of conventional commercially available lubricants such as, for example,
Lubﬁphte,chloﬁnebasedlubrieanbs,oﬂbasedhbﬁmhorﬂhnul&OAnﬁsim
(3100). In a preferred embodiment, the lubricant 276 comprises Climax 1500
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Antisieze (3100) available from Climax Lubricants and Equipment Co.in Houston,
TX in order to optimally provide optimum lubrication to faciliate the expansion
process.

In a preferred embodiment, the support member 250 is tharoughly cleaned
prior to assembly to the remaining portions of the apparatus 200. In this manner,
the introduction of foreign material into the apparatus 200 is minimized. This
minimizes the possibility of foreign material clogging the various flow passagesand
valves of the apparatus 200.

In a preferred embodiment, before or after positioning the apparatus 200
within the new section 130 of the wellbore 100, a couple of wellbore volumes are
circulated in order to ensire that no foreign materials are located within the
wellbore 100 that might clog up the various flow passages and valves of the
appammszoomdtoensumthatnofomignmaheﬁalinterfmwiththeexpansion
process.

Asillustrated in Fig. 8, the fluid passage 235 isthen closed and a hardenable
fluidic sealing material 305 is then pumped from a surface location into the fluid
passage 230. The material 305 then passes from the fluid passage 230 into the
interior region 310 of the tubular member 210 below the expandable mandrel 205.
The material 305 then passes from the interior region 310 into the fluid passage
240. The material 305 then exits the apparatus 200 and fills the annular region
315 between the exterior of the tubular member 210 and the interior wall of the
new section 130 of the wellbore 100. Continued pumping of the material 305
causes the material 305 to fill up at least a portion of the annular region 315.

The material 305 is preferably pumped into the annular region 315 at
pressures and flow rates ranging, forexample,ﬁomaiaoutOtoSOOOpsiandOt«o
1,500 gallons/min, respectively. The optimum flow rate and operating pressures
varyasaﬁxncﬁonoftheeasingandweﬂboresizes,weﬂbomsectionlength.
available pumping equipment, and fluid properties of the fluidic matarial being
pumped. Theopﬁmnmﬂowrateandoperaﬁngpmsnmmprefemblydetermined
using conventional empirical methods.

The hardenable fluidic sealing material 305 may comprise any number of
conventional commercially available hardenable fluidic sealing materials such as,

.12 -
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for example, slag mix, cement or epoxy. In a preferred embodiment, the
hardenahbﬂtﬁdicsealh:gmateﬁalaﬁwmpﬁmabhndedeementpmpgmd
spedﬂcnﬂyfortheparﬁcu]arweﬂsedionbeingdrﬂhdﬁ’om&ﬂiburtonhergy
Services in Dallas, TX in order to provide optimal support for tubular member 210
§ while also maintaining optimum flow characteristics so as to minimize difficulties
during the displacement of cement in the annular region 315. The optimum blend
of the blended cement is preferably determined using conventional empirical
methods. ,
The annular region 815 preferably is filled with the material 305 in
10 sufficient quantities to ensure that, upon radial expansion of the tubular member
210, the annular region 815 of the new section 130 of the wellbore 100 will be filled
with material 305. - :
Inaparﬁmﬂarlyprefmed-embodjment,asinustratedinﬁg.aa.thewan
thickness and/or the outer diameter of the tubular member 210 is reduced in the
16 region adjacent to the mandrel 205 in order optimally permit placement of the
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in
this manner, the initiation of the radial expansion of the tubular member 210
during the extrusion process is optimally facilitated.
Asmnstratedinl"ig.4,oneetheannularmgion315hasbeenadequately
20 ﬁlledwithmtuinlsos,aphgm5,orothudmﬂardevice,isinbodueedintothe
ﬂuidpamgauOthexebyﬂuidicbimhﬁngtheinta'hrmgionsmﬁ'omthe
annular region 316. In a preferred embodiment, a non-hardenable fluidic material
306 is then pmnpedintotheinbeﬁormgionalocausingtheinteriorregionto
pressurize. In this manner, the interior of the expanded tubular member 210 will
25 not contain significant amounts of cured material 305. This reduces and simplifies
the cost of the entire process. Alternnﬁvely,themateﬁalSOSmaybeusedduﬁng
this phase of the process.
Oncetbeinteriorregion310beeomeamﬁdenﬂypressurized, the tubular
member 210 is extruded off of the expandable mandrel 205. During the extrusion
30 pmeess,theexpandabhmndmlzosmayberaiaedoutoftheupandedporﬁonof
the tubular member 210. Inaprefm'edembodimmt,duringtheextmsion
pmeess,themandmlzosismisedatappmximtelythosamemtensthetubular
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member 210 is expanded in order to keep the tubular member 210 stationary
relative to the new wellbore section 130. In an alternative preferred embodiment,
the extrusion process is commenced with the tubular member 210 positioned above
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary,
and allowing the tubular member 210 to extrude off of the mandrel 205 and fall
down the new wellbore section 130 under the force of gravity.

The plug 405 is preferably placed into the fluid passage 240 by introducing
the plug 405 into the fluid passage 230 at a surface location in a conventional
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic
sealing material 306 from the non hardenable fluidic material 306.

Theplugi%mwmpﬂsemmmberofmmﬂomleoﬂmerdﬂb
available devices from plugging a fluid passage such as, for example, Multiple Stage
Cementer (MSC) latch-down plug, Omega latch-down plug or three-wiper latch-
downplugmodiﬁedinawordancewiththeteaahingsofthepmsentdisdosum. In
a preferred embodiment, the plug 405 comprises a MSC latch-down plug available
from Halliburton Energy Services in Dallas, TX.

Aﬁerplacementoftheplugmsintheﬂuidpassagew,anonhndenable
fluidic material 306 is preferably pumped into the interior region 310 at pressures
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30
to 4,000 gallons/min. In this manner, the amount of hardenable fluidic sealing
material within the interior 310 of the tubular member 210 is minimized. Ina
preferred embodiment, after placement of the plug 405 in the fluid passage 240,
the non hardenable material 306 is preferably pumped into the interior region 310
at pressures and ﬂowratesrangingfromapproximatelySOOon,OOOpsiand-iOto
3,000 gallons/min in order to maximize the extrusion speed.

In a preferred embodiment, the apparatus 200 is adapted to minimize
hensile,butst,andﬁ'icﬁoneﬁ'ectsuponthemhlﬂarmemberzlomxringthe
expansion process. These effects will be depend upon the geometry of the
expansion mandrel 205, the material composition of the tubular member 210 and
expansion mandrel 205, the inner diameter of the tubular member 210, the wall
thickness of the tubular member 210, the type of lubricant, and the yield strength
of the tubular member 210. In general, the thicker the wall thickness, the smaller
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the inner diameter, and the greater the yield strength of the tubular member 210,
thenmemtbeoperaﬁngpxummnquhedtoexu'udethembuhrmember
210 off of the mandrel 205.
For typical tubular members 210, the extrusion of the tubular member 210
5 oﬁoftheexpandabhmandrelwﬂlbeginwhantbepremmoftheinteriorregion
310 reaches, for example, appraximately 500 to 9,000 pei.
Duringthee&usionpmeea,theexpandablemmdml%Emayberaised
outoftheupandedpqrtionoftbembulnrmmber210atmtestanging, for
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion
10 process, the expandable mandrel 205 is raised out of the expanded portion of the
tubular member 210 at rates ranging from about 0 to 2 ft/sec in arder to minimize
the'ﬁmemquiredfortheexpmxinnproeesswhilealmpermitﬁngeasymn&olof
the expansion process.
When the end portion 260 of the tubular member 210 is extruded off of the
156 expandable mandrel 205, the outer surface 265 of the end portion 260 of the
tubular member 210 will preferably contact the interior surface 410 of the end
portion 270 of the casing 115 to form an fluid tight overlapping joint. The contact
pressure of the overlapping joint may range, for example, from approximately 50
to 20,000 psi. Inaprefermdembodiment,theeontactpreasm'eoftheomlapping
20 jointmngmﬁmnapprodmaﬁolywomlo,owpdinordermmvideopﬁmum
mmbacﬁvatethemmﬂnmlhgmmbm%mdopﬁmaﬂypmvide
msishneehaxialmoﬁontoaeeommodatemiedtemﬂemdmmpressiveloads.

The overlappingjoint between the section 410 of the existing casing 115 and

thewcﬁon2650ftheexpandedhxbuhrmmber210prefanbbpmvidesagnseous

26 and fluidic seal. In a particularly preferred embodiment, the sealing members 245
opﬁmallyprovideaﬂuidicandgaaeousmlintheoverlappingjoint.

Inaprefm'edembodjmmt.theopmﬁngpmamandﬂowrateofthe non

hardenahleﬂlﬁdicmataialmiscontmﬂnbbmmpeddownwhentheexpandable

mandrelZOSreachatheendporﬁonzmofthetubuhrmmberzlo. In this

30 manner, the sudden release of pressure caused by the complete extrusion of the

tubular member 210 off of the expandable mandrel 205 can be minimized. In a
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preferred embodiment, the operating pressure is reduced in a substantially linear
fashion from 100% to about 10% during the end of the extrusion process beginning
when the mandrel 205 is within about 6 feet from completion of the extrusion
process. '

Alternatively, or in combination, a shock absorber is provided in the support
member 250 in order to absorb the shock caused by the sudden release of pressure.
The shock absorber may comprise, for example, any conventional commercially
available shock absorber adapted for use in wellbore operations.

Alternatively, or in combination, a mandrel catching structure is provided
in the end portion 260 of the tubular member 210 in order to catch or at least
decelerate the mandrel 205. ' -

Once the extrusion process is completed, the expandable mandrel 205 is
removed from the wellbore 100. In a preferred embodiment, either before or after
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the
overlapping joint between the upper portion 260 of the tubular member 210 and
the lower portion 270 of the casing 115 is tested using conventional methods.

If the fluidic seal of the overlapping joint between the upper portion 260 of
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory,
then anyuncured portion of the material 305 within the expanded tubular member
210 is then removed in a conventional manner such as, for example, circulating the
uncured material out of the interior of the expanded tubular member 210. The
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is
used in combination with a conventional drilling assembly 505 to drill out any
hardened material 305 within the tubular member 210. The material 305 within
the annular region 315 is then allowed to cure.

Asillustrated in Fig. 5, preferably any remaining cured material 305 within
the interior of the expanded tubular member 210 is then removed in a
conventional manner using a conventional drill string 505. The resulting new
section of casing 510 includes the expanded tubular member 210 and an outer
annular layer 515 of cured material 305. The bottom portion of the apparatus 200
comprising the shoe 215 and dart 405 may then be removed by drilling out the
shoe 215 and dart 405 using conventional drilling methods.
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260
ofthetnbu]armemberzmhdudesoneormomwalingmbersmandongor
more pressure relief holes 610. In this manner, the overlapping joint between the
lower portion 270 of the casing 115 and the upper portion 260 of the tubular
member 210 is pressure-tight and the pressure on the interior and exterior
surfaces of the tubular member 210 is equalized during the extrusion process,

In a preferred embodiment, the sealing members 605 are seated within
recesses 615 formed in the outer surface 265 of the upper portion 260 of the
tubular member 210. In an alternative preferred embediment, the sealing

memmeOSmbondedormoldedontoﬂmonternnfwe%Softheupperporﬁon

260 of the tubular member 210. The pressure relief holes 610 are preferably
positioned in the last few feet of the tubular member 210. The pressure relief
holeamdueetheopemtingpmmmrequhedtoexpandtheupperporﬁon%ﬂof
the tubular member 210. This reduction in required operating pressure in turn
reduces the velocity of the mandrel 205 upon the completion of the extrusion
process. This reduction in velocity in turn minimizes the mechanical shock to the
entire apparatus 200 upon the completion of the extrusion process.
Referring now to Fig. 7, a particularly preferred embodiment of an
apparatus 700 for forming a casing within a wellbore preferably includes an
upandahlemndtelorpig705,anexpmdablem§ndrelorpigeontainer7lo, a
tuhularmember7l5,aﬂoatnhoe720.alowumpnal725,anuppercupseal730.
a fluid passage 735, a fluid passage 740, a support member 745, a body of lubricant
750, an overshot connection 755, another support member 760, and a stabilizer
765. .
Theexpandablemandrel?OSiseoupledtoandmpportedbythesupport
member 745. Theexpandablemandrel?%isﬁxrﬂxereoupledtotheexpmdable
mandrel container 710. The expandable mandrel 705 is preferably adapted to
controllably expand in a radial direction. The expandable mandrel 705 may
comprise any number of conventional commercially available expandable mandrels
modified in accordance with the teachings of the present disclosure. In a preferred
embodiment, theexpandablemandeOSeompﬁsesahydnulicexmmiontool
substantially as disclosed in U.S. Pat. No. 5,348,095, the contents of which are
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incorporated herein by reference, modified in accordance with the teachings of the

The expandable mandrel container 710 is coupled to and supported by the
support member 745. The expandable mandrel container 710 is further coupled
to the expandable mandrel 705. The expandable mandrel container 710 may be
constructed from any number of conventional commercially available materials
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or
high strength steels. In a preferred embodiment, the expandable mandrel
container 710 is fabricated from material having a greater strength than the
material from which the tubular member 716 is fabricated. In this manner, the
container 710 can be fabricated from a tubular material having a thinner wall
thickness than the tubular member 210. This permits the container 710 to pass
through tight clearances thereby facilitating its placement within the wellbore.

In a preferred embodiment, once the expansion process begins, and the
thicker, lower strength material of the tubular member 715 is expanded, the
outside diameter of the tubular member 715 is greater than the outside diameter
of the container 710.

The tubular member 715 is coupled to and supported by the expandable
mandrel 705. The tubular member 715 is preferably expanded in the radial
direction and extruded off of the expandable mandrel 705 substantially as
described above with reference to Figs. 1-6. The tubular member 715 may be
fabricated from any number of materials such as, for example, Oilfield Country
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred
embodiment, the tubular member 715 is fabricated from OCTG.

In a preferred embodiment, the tubular member 716 has a substantially
annular cross-section. In a particularly preferred embodiment, the tubular
member 715 has a substantially circular annular cross-section.

The tubular member 715 preferably includes an upper section 805, an
intermediate section 810, and a lower section 815. The upper section 805 of the
tubular member 715 preferably is defined by the region beginning in the vicinity
of the mandrel container 710 and ending with the top section 820 of the tubular
member 715. The intermediate section 810 of the tubular member 715 is
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preferably defined by the region beginning in the vicinity of the top of the mandrel
container 710 and ending with the region in the vicinity of the mandrel 705. The
lower section of the tubular member 715 is preferably defined by the region
beginning in the vicinity of the mandrel 705 and ending at the bottom 826 of the
tubular member 715.

In a preferred embodiment, the wall thickness of the upper section 805 of
the tubular member 715 is greater than the wall thicknesses of the intermediate
and lower sections 810 and 815 of the tubular member 715 in order to optimally
&mﬂkﬂathehﬁﬁnﬁnnoﬁmeen:udnnpmm:nsandopﬁnmnypennﬁtheappnahm
700 to be positioned in locations in the wellbore having tight clearances.

The outer diameter and wall thickness of the upper section 805 of the
tubular member 715 may range, for example, from about 1.05 to 48 inches and 1/8
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall
thickness of the upper section 805 of the tubular member 715 range from about 3.5
to 16 inches and 3/8 to 1.5 inches, respectively.

The outer diameter and wall thickness of the intermediate section 810 of the
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16
to 1.5 inches, respectively. In a prefarred embodiment, the cuter diameter and
waﬂthicknessoftheintexmediatesecﬁonGlOofthewbularmember7l5range
from about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively.

The outer diameter and wall thickness of the lower section 815 of the
tubular member 715 may range, for example, from about 2.5 to 50 inchesand 1/16
to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and
wall thickness of the lower section 810 of the tubular member 715 range from
about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly
preferred embodiment, the wall thickness of the lower section 815 of the tubular
member 715 is further increased to increase the strength of the shoe 720 when
drillable materials such as, for example, aluminum are used.

The tubular member 715 preferably comprises a solid tubular member. In
a preferred embodiment, the end portion 820 of the tubular member 715 isslotted,
perforated, or otherwise modified to catch or slow down the mandrel 705 when it
completes the extrusion of tubular member 715. In a preferred embodiment, the
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length fthe tubular member 715 islimited to minimize the possibility fbuckling.
For typical tubular member 715 materials, the length of the tubular member 715.
is preferably limited to between about 40 to 20,000 feet in length.
The shoe 720 is coupled to the expandable mandrel 705 and the tubular
5§ member 715. The shoe 720 includes the fluid passage 740. In a preferred
embodiment, the shoe 720 further inctudes an inlet passage 830, and one or more
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar
elements, for blocking the inlet passage 830. The interior of the shoe 720
10 preferably includes a body of solid material 840 for increasing the strength of the
shoe 720. In a particularly preferred embodiment, the body of solid material 840
comprises aluminum.
The shoe 720 may comprise any number of conventional commercially
available shoes such as, for example, Super Seal [I Down-Jet float shoe, or guide
15 shoe with a sealing sleeve for a latch down plug modified in accordance with the
teachings of the present disclosure. In a preferred embodiment, the shoe 720
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down
plug available from Halliburton Energy Services in Dallas, TX, modified in
accordance with the teachings of the present disclosure, in order to optimire
20 guiding the tubular member 715 in the wellbore, optimize the seal between the
tubular member 715 and an existing wellbore casing, and to optimally faciliate the
removal of the shoe 720 by drilling it out after completion of the extrusion process.
The lower cup seal 725 is coupled to and supported by the support member
745. The lower cup seal 725 prevents foreign materials from entering the interior
25 region of the tubular member 715 above the expandable mandre! 705. The lower
cup seal 725 may comprise any number of conventional commercially available cup
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups
modified in accordance with the teachings of the present disclosure. In a preferred
embodiment, the lower cup seal 726 comprises a SIP cup, available from
30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris
barrier and hold a body of lubricant.
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The upper cup seal 730 is coupled to and supported by the support member
760. The upper cup seal 730 prevents foreign materials from entering the interior
region of the tubular member 715. The upper cup seal 730 may comprise any
numba-ofwnvenﬁonalwmmerdallyavaﬂablecupmlsmcbas,formmple,l?
cups or Selective Injection Packer (SIP) cup modified in accordance with the
teachings of the present disclosure. In a preferred embodiment, the upper cup seal
730wmpﬁsesaSIPcupavaﬂableﬁumHaniburtonEnergyServicesinDalhs,TX
in order to optimally provide a debris barrier and contain a body of lubricant.

The fluid passage 735 permits fluidic materials to be transported to and
from the interior region of the tubular member 715 below the expandable mandrel
705. The fluid passage 735 is finidicly coupled to the fiuid passage 740. The fluid
passage 736 is preferably coupled to and positioned within the support member
760,thempportmember745,themdmleontaher7lo,andtheexpandnble
mandrel 705. The fluid passage 735 preferably extends from a position adjacent
to the surface to the bottom of the expandable mandrel 705. The fluid passage 735
is preferably positioned along a centerline of the apparatus 700. The fluid passage
735ispreferablyselectedwmnsponmataialssuchaseemmt,dﬁningmudor
epoxieeatﬂowmtesandptessuresmngingﬁomabout@to&mgaﬂonslminute
md500t09.000psiinordatoprovidemﬂidentoperaﬁngpressumstomde
the tubular member 715 off of the expandable mandrel 705.

As described above with reference to Figs. 1-6, during placement of the
apparam700withinanewsecﬁonofawellbote,ﬂtﬁdicmatmialsfomedupthe
fluid passage 735 can be released into the wellbore above the tubular member 715.
Inaprefmedembodiment,theappammmomrthuhdndesapmammrelease
passage that is coupled to and positioned within the support member 260, The
preasummleasepamgaisﬁxrtherﬂnﬂidywupledtotheﬂtﬁdpassage?%. The
pressure release passage preferably includes a control valve for controllably
opening and closing the fluid passage. In a preferred embodiment, the control
valveismureacﬁvatedinordartoeonﬁoﬂahlyminhnizemrgemssum The
pressure releasepamageisprefmblyposiﬁonedmbmﬁaﬂyorthogomltothe
centerline of the apparatus 700. The pressure release passage is preferably
selectedtoeonveymatmialsmchueement,dﬁningmudorepoxiesatﬂowmtes
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in
order to reduce the drag on the apparatus 700 during insertion into a new section
of a wellbore and to minimize surge pressures on the new wellbore section.

The fluid passage 740 permits fluidic materials to be transported to and
from the region exterior to the tubular member 715. The fluid passage 740 is
preferably coupled to and positioned within the shoe 720 in fluidic communication
with the interior region of the tubular member 715 below the expandable mandrel
705. ’I‘he_ﬂuidpassage?«to preferably has a cross-sectional shape that permits a
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740
to thereby block further passage of fluidic materials. In this manner, the interior
region of the tubular member 715 below the expandable mandrel 705 can be
optimally fluidicly isolated from the region exterior to the tubular member 715.
This permits the interior region of the tubular member 715 below the expandable
mandrel 205 to be pressurized.

The fluid passage 740 is preferably positioned substantially along the
centerline of the apparatus 700. The fluid passage 740 is preferably selected to
convey materials such as cement, drilling mud or epoxies at flow rates and
pressnresrangingfromahoutt)to3,000gallonslminuteandOtoS,OOOpsiinorder
to optimally fill an annular region between the tubular member 715 and a new
section of a wellbore with fluidic materials. In a preferred embodiment, the fluid
passage 740 includes an inlet passage 830 having a geometry that can receive a
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be
gealed off by introducing a plug, dart and/or ball sealing elements into the fluid
passage 230.

In a preferred embodiment, the apparatus 700 further includes one or more
seals 845 coupled to and supported by the end portion 820 of the tubular member
715. The seals 845 are further positioned on an outer surface of the end portion
820 of the tubular member 715. The seals 845 permit the overlapping joint
between an end portion of preexisting casing and the end portion 820 of the
tubular member 715 to be fluidicly sealed. The seals 845 may comprise any
number of conventional commercially available seals such as, for example, lead,
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the
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present disclosure. In a preferred embodiment, the seals 845 comprise seals
molded from Stratalock epoxy available from Halliburton Energy Services in
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing
interference fit in the overiapping joint between the tubular member 715 and an
existing casing with optimal load bearing capacity to support the tubular member
715.

In a preferred embodiment, the seals 845 are selected to provide a sufficient
frictional force to support the expanded tubular member 715 from the existing
casing. In a preferred embodiment, the frictional force provided by the seals 845
ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the
expanded tubular member 715.

The support member 745 is preferably coupled to the expandable mandrel
705 and the overshot connection 7565. The support member 745 preferably
comprises an annular member having sufficient strength to carry the apparatus
700 into a new section of a wellbore. The support member 745 may comprise any
number of conventional commercially available support members such as, for
example, steel drill pipe, coiled tubing or other high strength tubular modified in
accordance with the teachings of the present disclosure. In a preferred
embodiment, the support member 745 comprises conventional drill pipe available
from various steel mills in the United States. '

In a preferred embodiment, a body of lubricant 750 is provided in the
annular region above the expandable mandrel container 710 within the interior of
the tubular member 715. In this manner, the extrusion of the tubular member 715
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise
any number of conventional commercially available lubricants such as, for
example, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax
1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 comprises
Climax 1500 Antisieze (3100) available from Halliburton Energy Services in
Houston, TX in order to optimally provide lubrication to faciliate the extrusion
process.

The overshot connection 765 is coupled to the support member 745 and the
support member 760. The overshot connection 755 preferably permits the support
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member 745 to be removably coupled to the support member 760. The vershot
connection 755 may comprise any number of conventional commercially available
overshot connections such as, for example, Innerstring Sealing Adapter,
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a
5 preferred embodiment, the overshot connection 755 comprises a Innerstring
Adapter with an Upper Guide available from Halliburton Energy Services in
Dallas, TX.
The support member 760 is preferably coupled to the overshot connection
755 and a surface support structure (not illustrated). The support member 760
10 preferabbwmpﬁmsanmnhrmemba‘havingmﬁdﬂltstrmgthtoeanythe
appamtus?OOintoanewsection-ofawellbore. The support member 760 may
comprise any number of conventional commercially available support members
such as, for example, steel drill pipe, coiled tubing or other high strength tubulars
modified in accordance with the teachings of the present disclosure. In a preferred
15 embodiment, the support member 760 comprises a conventional drill pipe available
from steel mills in the United States.
The stabilizer 765 is preferably coupled to the support member 760. The .
stabilizer 765 also preferably stabilizes the components of the apparatus 700
within the tubular member 715. The stabilizer 765 preferably comprises a
20 spheﬁcnlmemberhavinganoutsidedimtetthatisabont%to%ofthe
interior diameter of the tubular member 715 in order to optimally minimize
buckling of the tubular member 715. The stabilizer 766 may comprise any number
of conventional commercially available stabilizers such as, for example, EZ Drill
Star Guides, packershoesordragblocksmodiﬁedinaceordancewiththeteacbings
25 of the present disclosure. Inaprefmedembodiment.thestabﬂiw765wmpﬁses
asealh:gadapterupperguideavaihble&omlhﬂiburMnEneryServicesh
Dallas, TX.
Inaprefmedembodiment,thempportmembers745and760ue
thoroughly cleaned prior to assembly to the remaining portions of the apparatus
30 700. In this manner, the introduction of foreign material into the apparatus 700
is minimized. This minimizes the possibility of foreign material clogging the
various flow passages and valves of the apparatus 700.
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In a preferred embodiment, before or after positioning the apparatus 700
within a new section of a wellbore, a couple of wellbore volumes are circulated
through the various flow passages of the apparatus 700 in order to ensure that no
foreign materials are located within the wellbore that might clog up the various
flow passages and valves of the apparatus 700 and to ensure that no foreign
material interferes with the expansion mandrel 705 during the expansion process.

In a preferred embodiment, the apparatus 700 is operated substantially as
described above with reference to Figs. 1-7 to form a new section of casing within
a wellbore.

Asillustrated in Fig. 8, in an alternative preferred embodiment, the method
and apparatus described herein is used to repair an existing wellbore casing 805
by forming a tubular liner 810 inside of the existing wellbare casing 805. In a
preferred embodiment, an outer annular lining of cement is not provided in the
repaired section. In the alternative preferred embodiment, any number of fluidic
materials can-be used to expand the tubular liner 810 into intimate contact with
thedamagedsecﬁonoftheweﬂbomcasingsuchas,formmple,eement,epoxy,
slag mix, or drilling mud. In the alternative preferred embodiment, sealing
members 815 are preferably provided at both ends of the tubular member in order
to optimally provide a fluidic seal. In an alternative preferred embodiment, the
tubular liner 810 is formed within a horizontally positioned pipeline section, such
asthosausedtohnnsporthydrocubomormﬁer,withﬂmtubularﬁnerﬂﬂphwd
in an overlapping relationship with the adjacent pipeline section. In this manner,
undergroundpipeﬁnescanbempahedwithouthavﬁ:gtodigoutmdrepheethe
damaged sections.

Inanotheraltarnativaprefmdmbodiment,themethodandapparatus
described herein is used to directly line a wellbore with a tubular liner 810. Ina
prduredembodiment,mmterannnhrﬁningofemnentismtmvidedbetween
the tubular liner 810 and the wellbore, In the alternative preferred embodiment,
any number of fluidic materials can be used to expand the tubular liner 810 into
inﬁmatecontactwiththewellbommchas,forexmple,eement,epoxy,shgmig
or drilling mud.
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an
apparatus 800 for forming a wellbore casing includes an expandible tubular
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe
908. In a preferred embodiment, the design and construction of the mandrel 906
and shoe 908 permits easy removal of those elements by drilling them out. In this
mnnﬂr,theassemblyQOOeanbeeasilyremoved&omawellboreusinga
conventional drilling apparatus and corresponding drilling methods.

The expandible tubular member 902 preferably includes an upper portion
910, an intermediate portion 912 and a lower portion 914. During operation of the
appammwo,thetubu]armemba'mnpmfenbbmdedoﬁ‘oﬂhemandrd
906bypresmrizinganhteriorregion9660fthembularmamba902. The
tubular member 902 preferably has a substantially annular cross-section.

Inaparﬁcularlyprefmedembodimt,anerpandablewbularmembex@w
iscoupledtotheupperportion9100ftheexpandabletubu1armember902. During
operation of the apparatus 900, the tubular member 915 is preferably extruded off
ofmemdmlwsbymeswﬁzmgthemmiormgionswoﬁhembularmemba
902. The tubular member 915 preferably hasa substantially annular cross-section.
lnnpmferredembodiment,thewauchickneesofthetubularmembaQMis
greater than the wall thickness of the tubular member 802.

The tubular member 915 may be fabricated from any number of
conventional commercially available materials such as, for example, oilfield
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment,
the tubular member 916 is fabricated from oilfield tubulars in order to optimally
provide approximately the same mechanical propertiesas the tubular member 902.
Inaparﬁcularlypmfermdembodiment,thembuhrmemberSIShasaphsﬁcyield
point ranging from about 40,000 to 135,000 psi in order to optimally provide
approximatelythemmeyieldpmpertiesasthetubuhrmemberm. The tubular
memberSlSmayeompriseaphualityofwbtﬂnrmemberseoupledandtoend.

In a preferred embodiment, the upper end portion of the tubular member
915 includes one or more sealing members for optimally providing a fluidic and/or
gaseoussealwithanaistingsecﬁonofwellboreeasing.
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In a preferred embodiment, the combined length of the tubular members
902 and 915 are limited to minimize the possibility of buckling. For typical tubular
member materials, the combined length of the tubular members 902 and 915 are
limited to between about 40 to 20,000 feet in length.

The lower portion 914 of the tubular member 902 is preferably coupled to
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the
tubular member 902 preferably is placed in intimate sliding contact with the
mandrel 906.

The tubular member 902 may be fabricated from any number of
conventional commercially available materials such as, for example, oilfield
tubulars, low alloy steels, titantum or stainless steels. In a preferred embodiment,
the tubular member 902 is fabricated from cilfield tubulars in order to optimally
provide approximately the same mechanical properties as the tubular member 915.
hnparﬁcﬂarlyprafmedembodhnent,tbembularmmber%2hasaphsﬁcyiem
point ranging from about 40,000 to 135,000 psi in order to optimally provide
approximately the same yield properties as the tubular member 915.

The wall thickness of the upper, intermediate, and lower portions, 910, 912
and 914 of the tubular member 902 may range, for example, from about 1/16 to 1.5
inches. In a preferred embodiment, the wall thickness of the upper, intermediate,
and lower portions, 810, 912 and 914 of the tubular member 902 range from about
1/8 to 1.25 in order to optimally provide wall thickness that are about the same as
the tubular member 915. In a preferred embodiment, the wall thickness of the
lowerportion914islessthnnorequaltotbewaﬂthicknemoftheupperporﬁon
810 in order to optimally provide a geometry that will fit into tight clearances
downhole.

The outer diameter of the upper, intermediate, and lower portions, 910, 912
and 914 of the tubular member 802 may range, for example, from about 1.05 to 48
inches. In a preferred embodiment, the outer diameter of the upper, intermediate,
and lower portions, 910, 912 and 914 of the tubular member 802 range from about
3Kt 19inchesinorderhooptimallyprovidetheabﬂitytoexpandthemost
commonly used oilfield tubulars,
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The length of the tubular member 902 is preferably limited to between
about 2 to § feet in order to optimally provide enough length to contain the
mandrel 906 and a body of ubricant. |

The tubular member 902 may comprise any number of conventional

5 commercially available tubular members modified in accordance with the teachings
of the present disclosure. In a preferred embodiment, the tubular member 302
comprises Oilfield Country Tubular Goods available from various U.S. steel mills.
The tubular member 915 may comprise any number of conventional commercially
available tubular members modified in accordance with the teachings of the

10 presentdisclosure. In a preferred embodiment, the tubular member 915 comprises
Oilfield Country Tubular Goods available from various U.S. steel mills.

The various elements of the tubular member 902 may be coupled using any
number of conventional process such as, for example, threaded connections,
welding or machined from one piece. In a preferred embodiment, the various

15 elements of the tubular member 902 are coupled using welding. The tubular
member 902 may comprise a plurality of tubular elements that are coupled end to
end. The various elements of the tubular member 915 may be coupled using any
number of conventional process such as, for example, threaded connections,
welding or machined from one piece. In a preferred embodiment, the various

90 elements of the tubular member 915 are coupled using welding. The tubular
membc915maymmpﬁseaplumﬁtyoftubuhrelementsthatareeoupledendto
end. The tubular members 902 and 915 may be coupled using any number of
conventional process such as, for example, threaded connections, welding or
machined from one piece.

25 The support member 804 preferably includes an innerstring adapter 916,
aﬂuidpamapsm,anupperguideszo,andaeouplingm. During operation of
the apparatus 900, the support member 804 preferably supports the apparatus 900
during movement of the apparatus 900 within a wellbore. The support member
904 preferably has a substantially annular cross-section.

30 ThesupportmemberSMmaybefabricaudfrommnumberof
conventional commercially available materials such as, for example, oilfield
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred
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embodiment, the support member 904 is fabricated from low alloy steel in order
to optimally provide high yield strength. ,

The innerstring adaptor 916 preferably is coupled to and supported by a
conventional drill string support from a surface location. The innerstring adaptor
916 may be coupled to a conventional drill string support 971 by a threaded
connection 870. ’

The fluid passage 918 is preferably used to convey fluids and other materials
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918
is fluidicly coupled to the fluid passage 852. In a preferred embodiment, the fluid
passage 918 is used to convey hardenable fluidic sealing materials to and from the
apperatus 900. In a particularly preferred embodiment, the fluid passage 918 may
include one or more pressure relief passages (not illustrated) to release fluid
pressure during positioning of the apparatus 900 within a wellbore. In a preferred
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of
the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected
to permit the conveyance of hardenable fluidic materials at operating pressures
ranging from about 0 to 9,000 psi.

The upper guide 920 is coupled to an upper portion of the support member
904. The upper guide 920 preferably is adapted to center the support member 904
within the tubular member 915. The upper guide 920 may comprise any number
of conventional guide members modified in sccordance with the teachings of the
present disclosure. In a preferred embodiment, the upper guide 920 comprises an
innerstring adapter available from Halliburton Energy Services in Dallas, TX order
to optimally guide the apparatus 900 within the tubular member 915.

The coupling 922 couples the support member 804 to the mandrel 906. The
coupling 822 preferably comprises a conventional threaded connection.

Thevnriouulementsofthemppmtmember%mbeeoupledusingmy
number of conventional processes such as, for example, welding, threaded
connections or machined from one piece. In a preferred embodiment, the various
elements of the support member 904 are coupled using threaded connections.

Themandrel906prefemblyindudesamtainer924,ambberaxp926,an
expansioneonem,alnwereoneretainerm,abodyofcament%&alowerguide
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide
950, and a fluid passage 952. '
The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the
lubricator sleeve 948. The retainer 924 preferably has a substantially annular
cross-section. The retainer 924 may comprise any number of conventional
commercially available retainers such as, for example, slotted spring pins or roll
pin.
10 The rubber cup 926 is coupled to the retainer 824, the lubricator mandrel
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of
=t fordgnmterials»inhtheinteﬁorregionQﬂofthemhuhrmemberMbehwthe
. ’ rubber cup 926. The rubber cup 926 may comprise any number of conventional
commercially available rubber cups such as, for example, TP cups or Selective
16 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926
eompﬁsesaSIPwpavaihble&omHalliburtonEneryServiwsinDanas,TXin
order to optimally block foreign materials.
In a particularly preferred embodiment, a body of lubricant is further
pmvidedinthehteriorregianﬂoftheummArmemberMinordermlubﬁm
20 the interface between the exterior surface of the mandrel 902 and the interior
surface of the tubular members 902 and 915. The lubricant may comprise any
number of conventional commercially available lubricants such as, for example,
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 16500 Antiseize
s (3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize
< 25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TXin
orderwopﬁmallypmvidelubﬁcaﬁontofacﬂiatetheextmsionpm
Theexpansioneone%iseoupledtothelowereoneretainer%O,thebody
of cement 932, the lower guide 934, the extension gleeve 936, the housing 940, and
the upper cone retainer 944. In a preferred embodiment, during operation of the
30 appamhstOO,thetubularmembersWandBlSmuﬂudedoﬂ'oftheoum
surface of the expansion cone 828. In a preferred embodiment, axial movement
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 840

O)
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and the upper cone retainer 944. Inner radial movement of the expansion cone
928 is prevented by the body of cement 932, the housing 840, and the upper cone
retainer 944. |
The expansion cone 928 preferably hasa substantially annular cross section.
5 Theoutsidediameteraftbeexpansionm%ispmfaxblytapetedtopmvide
a cone shape. Thewaﬂthinknessoftbeexpansioneone%mqymnge,for
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall
thickness of the expansion cone 928 ranges from about 0.25 to 0.75 inches in order
to optimally provide adequate compressive strength with minimal material. The

10 mazimnnandmininmmoutsidediam@ersoftheexpanﬁmeons%maymge,
for example, from about 1 to 47 inches. In a preferred embodiment, the maximum
and minimum outside diameters of the expansion cone 928 range from about 3.5
to 19 in order to optimally provide expansion of generally available oilfield tubulars

The expansion cone 928 may be fabricated from any number of conventional

15 wmmerdallyavaihblemtaialammhns,formmple,mnﬁc,toolsteeLﬁtanhm
or low alloy steel. In a preferred embodiment, the expansion cone 928 is fabricated
from tool steel in order to optimally provide high strength and abrasion resistance.
ThesurfacehardnessoftheouﬁermrtaceoftheexpanaimwneS%maym,for
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred embodiment,

20 thewrfaeehardnmoftheoutarmrfaeeoftheexpandonwnemsmngu&om
about58RoekwellCt062RockwenCinmdertooptimallyprovidehighyield
strength. In a preferred embodiment, the expansion cone 928 is heat treated to
opﬁmalb'pmvideahardoutersurfaceandamsﬂientinteﬁorbodyinorderto
optimally provide abrasion resistance and fracture toughness.

25 The lower cone retainer 830 is coupled to the expansion cone 928 and the
housing 940. In a preferred embodiment, axial movement of the expansion cone
928 is prevented by the lower cone retainer 830. Preferably, the lower cone
retainer 930 has a substantially annular croas-section.

The lower cone retainer 930 may be fabricated from any number of

30 conventional commercially available materials such as, for example, ceramic, tool
steel, titanium or low alloy steel. In a preferred embodiment, the lower cone
retainerSSOisfabrieatedﬁnmtoolstaelinurdertooptimallypmvidehigh

-81.



10

15

20

strength and abrasion resistance. The surface hardness of the outer surface of the
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70
Rockwell C. In a preferred embodiment, the surface hardness of the cuter surface
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C
in order to optimally provide high yield strength. In a preferred embodiment, the
lower cone retainer 930 is heat treated to optimally provide a hard outer surface
and a resilient interior body in order to optimally provide abrasion resistance and
fracture toughness.

In a preferred embodiment, the lower cone retainer 930 and the expansion
cone 928 are formed as an integral one-piece element in order reduce the mumber
of components and increase the overall strength of the apparatus. The outer
surface of the lower cone retainer 930 preferably mates with the inner surfaces of
the tubular members 902 and 915.

The body of cement 932 is positioned within the interior of the mandrel 806.
The body of cement 932 provides an inner bearing structure for the mandrel 906.
The body of cement 932 further may be easily drilled out using a conventional drill
device. In this manner, the mandrel 906 may be easily removed using a
conventional drilling device.

The body of cement 932 may comprise any number of conventional
commercially available cement compounds. Alternatively, aluminum, cast iron or
some other drillable metallic, composite, or aggregate material may be substituted
for cement. The body of cement 932 preferably has a substantially annular cross-
section.

The lower guide 934 is coupled to the extension sleeve 936 and housing 940.
During operation of the apparatus 900, the lower guide 934 preferably helps guide
the movement of the mandrel 906 within the tubular member 802. The lower
guide 934 preferably has a substantially annular cross-section.

The lower guide 934 may be fabricated from any number of conventional
commercially available materials such as, for example, oilfield tubulars, low alloy
steel or stainless steel. In a preferred embodiment, the lower guide 834 is
fabricated from low alloy steel in order to optimally provide high yield strength.

.32-



" The outer surface of the lower guide 834 preferably mates with the inner surface

10

15

20

25

of the tubular member 902 to provide a sliding fit. ‘

Theextensionnleeve%BiseuupledtothelowerguideQ&andthehousing
940. Durmgopmﬁonoftheappammswo,theezhensinnaleevessspreferably
helpsguidethemovementofthemndrel%ﬁwithinthembtﬂarmmnbersoz
The extension sleeve 936 preferably has a substantially annular cross-section.

The extension sleeve 936 may be fabricated from any number of
conventional commercially available materials such as, for example, oilfield
tubulars, low alloy steel or stainless steel. In a preferred embodiment, the
mensiondeew%eisfabﬁmted&ombwnlhysteelhmdertoopﬁmauypmvide
highyield strength: The outer surface of the extension sleeve 936 preferably mates
with the inner surface of the tubular member 902 to provide a sliding fit. In a
prefmedembodiment,theextmsionsleeve%GandthelowerguideQMm
formed as an integral one-piece element in order to minimize the number of
components and increase the strength of the apparatus.

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938
preferably includes the fluid passage 952 and is adapted to mate with the extension
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the
surfacethmughtheﬂuidpamgesmsandsﬁzintotheﬂuidpassagewz.
Preferably, the spacer 938 has a substantially annlar cross-section.

The spacer 938 may be fabricated from any number of conventional
commercially available materials such as, for example, steel, aluminum or cast
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in
order to optimally provide drillability. The end of the spacer 938 preferably mates
with the end of the extension tube 960. In a preferred embodiment, the spacer
938andtheseaﬁngﬂeev9942amformedasmhtegmlon&pieeeelementinorder
toreducethenmnberofcomponentsmdinamsethestrengthoftheappmhs.

Thehouxing940iswupledtothelowarguide93¢,eztensionsleeve936.
expansion cone 928, body of cement 932, and lower cone retainer 930. During
operaﬁonoftheapparamswo,thehouxingmcprefmblypmventsmnermdial
motion of the expansion cone 928. Preferably, the housing 840 hasa substantially



The housing 940 may be fabricated from any number of conventional
commercially available materials such as, for example, oilfield tubulars, low alloy
steel or stainless steel. In a preferred embodiment, the housing 840 is fabricated
ﬁ'omlawalloysteelinordertooptimallyprovidehighyieldsmgth. Ina

5 prefenedembodimenhthebwergtﬁde%@mensionsleeve%Gandhousingm
are formed as an integral one-piece element in order to minimize the number of
components and increase the strength of the apparatus.

In a particularly preferred embodiment, the interior surface of the housing
940 includes one or more protrusions to faciliate the connection between the

10 housing 940 and the body of cement 932.

ThesealingsleeveWisewpledwthempportmemberm,thebodyof
cement 932, the spacer 938, and the upper cone retainer 944. During operation of .
theapparams.theseaﬁngdeeWWprefemblypmvideswpportforthammdml
906. Theeealhlgsleeve942ispreferablycoupledwthesupportmember904using

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular
cross-section.

Thewalingsleeve%maybefahrinatedﬁ-omanynumbcofeonmﬁonal
commercially available materials such as, for example, steel, aluminum or cast
iron. hapret‘mredemhodimmt.thesedhgsleevemisfabﬁmtedfmm

20 aluminnminordertooptimaﬂypmvidedﬁnabﬂityofthesealingaleevew.

Inaparﬁaﬂarlypreferredembodimant,theoutersurfaeeoftheeealing
sleeve 942 includes one or more protrusions to faciliate the connection between the
sealing sleeve 942 and the body of cement 932.

In a particularly preferred embodiment, the spacer 938 and the sealing

25 sleeve 942 are integrally formed as a one-piece element in order to minimize the
number of components.

'I‘heuppereoneretainerwiseoupledtotheexpansioneone%&the
sealing sleeve 942, and the body of cement 932. During operation of the apparatus
900,theuppetmneretahermmeferablypreventsaxialmoﬁonoftheexpansinn

30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular
cross-section.
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The upper cone retainer 944 may be fabricated from any number of
conventional commercially available materials such as, for example, steel,
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944
is fabricated from aluminum in order to optimally provide drillability of the upper
cone retainer 944.

Inaparﬁmhrbpre@'ermdanbodimznt.thenppueonemtainer%hasa
cross-sectional shape designed to provide increased rigidity. In a particularly
pmferredembodiment,theuppereoneretainer%hasamss—aecﬁonalshape
that is substantially I-shaped to provide increased rigidity and minimize the
amount of material that would have to be drilled out.

Thehbﬁmtarmandmlbﬁiseoupledhthemimrm,thembberwp
826, the upper cone retainer 844, the lubricator sleeve 948, and the guide 950.
Duringoperaﬁonoftheappuam%o,thelubﬁawrmmdrelmmefmbly
contains the body of lubricant in the annular region 972 for lubricating the
interface between the mandrel 806 and the tubular member 902. Preferably, the
lubricator mandrel 946 has a substantially annular cross-section.

The lubricator mandrel 946 may be fabricated from any number of
conventional commercially available materials such as, for example, steel,
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is
fabricated from aluminum in order to optimally provide drillability of the
lubricator mandrel 946.

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the
retainer924,therubbercnp926,thenpperconemtainerw,thehbﬁcatorsleeve
948, and the guide 950. During operation of the apparatus 900, the lubricator
sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator
sleeve 848 has a substantially annular cross-section.

Thehbﬁeahrdeeve%maybefabﬁeated&omanynumbetof
conventional commercially available materials such as, for example, steel,
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948.is
fabricatadfmmaluminuminordutoopﬁmanypmvidedﬁnabﬂityofthe
lubricator sleeve 948.
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As illustrated in Fig. 9¢, the lubricator sleeve 948 is supported by the
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In
a preferred embodiment, seals 949a and 849b are provided between the lubricator
mandrel 846, lubricator sleeve 948, and rubber cup 926 in order to optimally seal
off the interior region 972 of the tubular member 902.

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924,
and the lubricator sleeve 948. During operation of the apparatus 900, the guide
950 preferably guides the apparatus on the support member 904. Preferably, the
guide 950 has a substantially annular cross-section.

The guide 850 may be fabricated from any number of conventional
commercially available materials such as, for example, steel, aluminum or cast
iron. In a preferred embodiment, the guide 850 is fabricated from aluminum
order to optimally provide drillability of the guide 950.

The fluid passage 952 is coupled to the mandrel 906. During operation of
the apparatus, the fluid passage 962 preferably conveys hardenable fluidic
materials. In a preferred embodiment, the fluid passage 952 is positioned about
the centerline of the apparatus 800. In a particularly preferred embodiment, the
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures
and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in order
to optimally provide pressures and flow rates to displace and circulate finids during
the installation of the apparatus 900. "

The various elements of the mandrel 906 may be coupled using any number
of conventional process such as, for example, threaded connections, welded
connectionsor cementing. In a preferred embodiment, the various elements ofthe
mandrel 906 are coupled using threaded connections and cementing.

The shoe 908 preferebly includes a housing 954, a body of cement 956, a
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more
outlet jets 964.

The housing 954 is coupled to the body of cement 956 and the lower portion
914 of the tubular member 902. During operation of the apparatus 990, the
housing 954 preferably couples the lower portion of the tubular member 902 tothe
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Preferably, the housing 954 has a substantially annular cross-section. .

The housing 954 may be fabricated from any number of conventional
commercially available materials such as, for example, steel or aluminum. In a
preferred embodiment, the housing 954 is fabricated from ahminum in order to
optimally provide drillability of the housing 954.

In a particularly preferred embodiment, the interior surface of the housing
954 includes one or more protrusions to faciliate the connection between the body
of cement 856 and the housing 954.

The body of cement 856 is coupled to the housing 954, and the sealing sleeve
858. In a preferred-embodiment, the composition of the body of cement 956 is
selected to permit the body.of cement to be easily drilled out using conventional

The composition of the body of cement 956 may include any number of
conventional cement compositions. In an alternative embodiment, a drillable
material such as, for example, aluminum or iron may be substituted for the body
of cement 956.

The sealing sleeve 958 is coupled to the body of cement 956, the extension
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation
of the apparatus 900, the sealing sleeve 858 preferably is adapted to convey a
hardenable fluidic material from the fluid passage 852 into the fluid passage 962
and then into the outlet jets 964 in order to inject the bardenable fluidic material
into an annular region external to the tubular member 902. In a preferred
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further
includes an inlet geometry that permits a conventional plug or dart 974 to become
lodged in the inlet of the sealing aleeve 858. In this manner, the fluid passage 862
may be blocked thereby fluidicly isolating the interior region 966 of the tubular
member 902,

In a preferred embodiment, the sealing sleeve 958 has a substantially
annular cross-section. The sealing sleeve 958 may be fabricated from any number
of conventional commercially available materials such as, for example, steel,
aluminum or cast iron. In a prefarred embodiment, the sealing sleeve 958 is
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fabricated from aluminum in order to optimally provide drillability of the sealing
sleeve 958. |

The extension tube 960 is coupled to the sealing sleeve 958, the fluid
passage 962, and one or more cutlet jets 964. During operation of the apparatus

5 900, the extension tube 960 preferably is adapted to convey a bardenable fluidic
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material from the fluid passage 952 into the fluid passage 962 and then into the
outlet jets 964 in order to inject the hardenable fluidic material into an annular
region external to the tubular member 902. In a preferred embodiment, during
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet
geometry that permits a conventional plug or dart 974 to become lodged in the
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked
thereby fluidicly isolating the interior region 966 of the tubular member 802. In
apmfenedembodiment,onemdoftheextensiontube%mabeswithoneendof
thespacer938inordertoopﬁmanyfadﬁatetheuansferofmateﬁalbetweenthe
two.

In a preferred embodiment, the extension tube 960 has a substantially
annular cross-section. The extension tube 960 may be fabricated from any number
of conventional commercially available materials such as, for example, steel,
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is
fabricated from aluminum in order to optimally provide drillability of the
extension tube 960.

The fluid passage 962 is coupled to the sealing sleeve 958, the extension
tube 960, and one or more outlet jets 964. During operation of the apparatus 800,
the fluid passage 962 is preferably conveys hardenable fluidic materials. Ina
pmfmedmbodhnwt,theﬂxﬁdpassage%ﬁsposiﬁonedabouttbemﬁuﬂhﬁof
the apparatus 900. In a particularly preferred embodiment, the fluid passage 862
is adapted to convey hardenable fluidic materials at pressures and flow rate
rangingfromaboutOth,OOOpaiandOtoS,OOOgallons/mininordertooptimaﬂy
provide fluids at operationally efficient rates.

Thewﬂetjetsmmcoupledtotheseaﬁngsleevem,themﬁonmbe
960, and the fluid passage 962. During operation of the apparatus 900, the outlet
jets 964 preferably convey hardenable fluidic material from the fluid passage 962
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/totheregionexteﬁoroftheappamtuswo. In a preferred embodiment, the shoe
908 includes a plurality of outlet jets 964. '

In a preferred embodiment, the outlet jets 964 comprise passages drilled in
the housing 954 and the body of cement 956 in order to simplify the construction
of the apparatus 900. ‘

The various elements of the shoe 908 may be coupled using any number of
conventional process such as, for example, threaded connections, cement or
machined from one piece of material. In a preferred embodiment, the various
elements of the shoe 908 are coupled using cement.

In a preferred embodiment, the assembly 900 is operated substantially as
described above with reference to Figs. 1-8 to create a new section of casing in a
wellbore or to repair a wellbore casing or pipeline.

Inparﬁcular,inorderwextendawenboreimoambwnueanformation,
a drill string is used in a well known manner to drill cut material from the
subterranean formation to form a new section.

The apparatus 900 for forming a wellbore casing in a subterranean
formation is then positioned in the new section of the wellbore. In a particularly
preferred embodiment, the apparatus 900 includes the tubular member 9165. Ina
preferred embodiment, a hardenable fluidic sealing bhardenable fluidic sealing
material is then pumped from a surface location into the fluid passage 918. The
bardenable fluidic sealing material then passes from the fluid passage 918 into the
interior region 966 of the tubular member 902 below the mandrel 906. The
hardenable fluidic sealing material then passes from the interior region 966 into
the fluid passage 962. The hardenable fluidic sealing material then exits the
apparatus 900 via the outlet jets 964 and fills an annular region between the
exterior of the tubular member 902 and the interior wall of the new section of the
wellbore. Continued pumpingof the hardenable fluidic sealing material causes the
material to fill up at least a portion of the annular region.

The hardenable fluidic sealing material is preferably pumped into the
annular region at pressures and flow rates ranging, for example, from about 0 to
5,000 psi and 0 to 1,500 gallons/min, respectively. In a preferred embodiment, the
hardmableﬂuidicmﬁngmaterinlispmpedinwtheanmdnregionatpreasmes
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and flow rates that are designed for the specific wellbore section in order to
optimize the displacement of the hardenable fluidic sealing material while not
creating high enough circulating pressures such that circulation might be lost and
that could cause the wellbore to collapse. The optimum pressures and flow rates
are preferably determined using conventional empirical methods.

The hardenable fluidic sealing material may comprise any number of
conventional commercially available hardenable fluidic sealing materials such as,
for example, slag mix, cement or epoxy. In a preferred embodiment, the
bhardenable fluidic sealing material comprises blended cements designed
specifically for the well section being lined available from Halliburton Energy
Services in Dallas, TX in order to optimally provide support for the new tubular
member while also maintaining optimal flow characteristics so as to minimize
operational difficulties during the displacement of the cement in the annular
region. The optimum composition of the blended cements is preferably determined
usingoonventionalempiriealméthods.

The annular region preferably is filled with the hardenable fluidic sealing
material in sufficient quantities to ensure that, upon radial expansion of the
tubular member 902, the annular region of the new section of the wellbore will be
filled with hardenable material.

Once the annular region has been adequately filled with hardenable fluidic
sealing material, a plug or dart 974, or other similar device, preferably is
introduced into the fluid passage 862 thereby fluidicly isolating the interior region
966 of the tubular member 902 from the external annular region. In a preferred
embodiment, a non hardenable fluidic material is then pumped into the interior
region 966 causing the interior region 966 to pressurize. In a particularly
preferred embodiment, the plug or dart 974, or other similar device, preferably is
introduced into the fluid passage 962 by introducing the plug or dart 974, or other
gimilar device into the non hardenable fluidic material. In this manner, the
amount of cured material within the interior of the tubular members 902 and 916
is minimized

Once the interior region 966 becomes sufficiently pressurized, the tubular
members 902 and 915 are extruded off of the mandrel 906. The mandrel 308 may
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/beﬁxedoritmaybeexpandﬂale. During the extrusion process, the mandrel 906
is raised out of the expanded portions of the tubular members 902 and 915 using
the support member 904. During this extrusion process, the shoe 908 is preferably

The plug or dart 874 is preferably placed into the fluid passage 962 by
introducing the plug or dart 974 into the fluid passage 918 at a surface location in
a conventional manner. The plug or dart 974 may comprise any number of
conventional commercially available devices for plugging a fluid passage such as,
for example, Multiple Stage Camenter (MSC) latch-down plug, Omega latch-down
plug or three-wiper latch down plug modified in accordance with the teachings of
the present disclosure. In a preferred embodiment, the plug or dart 974 comprises
aMSChtch-downplugavnﬂabhﬁomHnlﬁbmtonEnagyServim}nDalhs,TX.

After placement of the plug or dart 974 in the fluid passage 962, the non
hardenable fluidic material is preferably pumped into the interior region 966 at
pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915
off of the mandrel 906.

For typical tubular members 902 and 915, the extrusion of the tubular
members 302 and 915 off of the expandahle mandrel will begin when the pressure
of the interior region 966 reaches approximately 500 to 9,000 psi. In a preferred
embodiment, the extrusion of the tubular members 902 and 915 off of the mandrel
906 begins when the pressure of the interior region 968 reaches approximately
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallons/minute.

During the extrusion process, the mandrel 906 may be raised out of the
expanded portions of the tubular members 802 and 915 at rates ranging, for
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion
process, the mandrel 908 is raised out of the expanded portions of the tubular
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to
optimally provide pulling speed fast enough to permit efficient operation and
permit full expansion of the tubular members 902 and 915 prior to curing of the
hardenable fluidic sealing material; but not so fast that timely adjustment of
operating parameters during operation is prevented.
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When the upper end portion of the tubular member 915 is extruded off of
the mandrel 906, the outer surface of the upper end portion of the tubular member
915 will preferably contact the interior surface of the lower end portion of the
existing casing to form an fluid tight overlappingjoint. The contact pressure of the
overlapping joint may range, for example, from approximately 60 to 20,000 psi. In
a preferred embodiment, the contact pressure of the overlappingjoint between the
upper end of the tubular member 915 and the existing section of wellbore casing
ranges from approximately 400 to 10,000 psi in order to optimally provide contact
pressure to activate the sealing members and provide optimal resistance such that
the tubular member 915 and existing wellbore casing will carry typical tensile and
compressive loads. g o

In a preferred embodiment, the operating pressure and flow rate of the non
hardenable fluidic material will be controllably ramped down when the mandrel
806 reaches the upper end portion of the tubular member 915. In this manner, the
sudden release of pressure caused by the complete extrusion of the tubular
member 916 off of the expandable mandrel 306 can be minimized. In a preferred
embodiment, the operating pressure is reduced in a substantially linear fashion
from 100% to about 10% during the end of the extrusion process beginning when
the mandrel 806 has completed approximately all but about the last 5 feet of the
extrusion process. '

In an alternative preferred embodiment, the operating pressure and/or flow
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic
material are controlled during all phases of the operation of the apparatus 900 to
minimize shock

Alternatively, or in combination, a shock absorber is provided in the support
member 904 in order to absorb the shock caused by the sudden release of pressure.

Alternatively, or in combination, a mandrel catching structure is provided
above the support member 904 in order to catch or at least decelerate the mandrel
906.

Once the extrusion process is completed, the mandrel 906 is removed from
the wellbore. In a preferred embodiment, either before or after the removal of the
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the
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upper portion of the tubular member 915 and the lower portion of the existing
casing is tested using conventional methods. Ifthemﬁdicaealoftheoveﬂapping
Joint between the upper portion of the tubular member 915 and the lower portion
of the existing casing is satisfactory, then'the uncured portion of any of the
hardenable fluidic sealing material within the expanded tubular member 915 is
then removed in a conventional manner. The hardenable fluidic sealing material
within the annular region between the expanded tubular member 915 and the
existing casing and new section of wellbore is then allowed to cure.

Preferably any remaining cured hardensble fluidic sealing material within
the interior of the expanded tubular members 802 and 915 is then removed in a
conventional manner using a conventional drill string. The regulting new section
of casing preferably includes the expanded tubular members 902 and 915 and an
outer annular layer of cured hardenable fluidic sealing material. The bottom
portionoftheappamtus-QOOeompﬁsingthesberOBmaythmberemovedby
drilling out the shoe 908 using conventional drilling methods.

Inanalternaﬁveembodiment,dmingtheextmsionproee&s,itmybe
necessary to remove the entire apparatus 900 from the interior of the wellbore due
to a malfunction. In this circumstance, a conventional drill string is used to drill
out the interior sections of the apparatus 900 in order to facilitate the removal of
the remaining sections. In a preferred embodiment, the interior elements of the
apparatus 900 are fabricated from materials such as, for example, cement and
aluminum,tbatpemitaeonvenﬁonaldriﬂsﬁngtobeemployedtodrﬂloutthe
interior components.

In particular, in a preferred embodiment, the composition of the interior
seeﬁonsofthemandrelQOGmddmeOOB,indudingoneurmoreofthebodyof
mt%zmmsm.mwmmm,mwmm@m,
the lubricator mandrel 946, the lubricator sleeve 848, the guide 950, the housing
954,thebodyofeement956,theaeaﬁngaleev9958,mdtheextemiontube960,
mselectedtopermitatlaastmmeoftheseeomponentswbedﬁnedoutusing
conventional drilling methods and apparatus. In this manner, in the event of a
mlfuncﬁondownhnle,theappamtus%maybeeadlymovedfmmthe
wellbore.
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Referring now to Figs. 10a, 10b, 10c, 10d, 10e, 10f, and 10g a method and
appammsforaeaﬁngaﬁabacklinerinawellbomwﬂlnowbedesaibed. As
llustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation
1002 includes a first casing 1004 and a second casing 1006.

The first casing 1004 preferably includes a tubular liner 1008 and a cement
annulus 1010. The second casing 1006 preferably includes a tubular liner 1012
and a cement annulus 1014. In a preferred embodiment, the second casing 1006
is formed by expanding a tubular member substantially as described above with
reference to Figs. 1-9¢ or below with reference to Figs. 1la-11f.

In a particularly preferred embodiment, an upper portion of the tubular
liner 1012 overlaps with a lower partion of the tubular liner 1008. In a particularly
prefermdmbodiment,mouteraurfaeeoftheupperporﬁonofthembularﬁw
1012 includes one or more sealing members 1016 for providing a fluidic seal
between the tubular liners 1008 and 1012.

Referring to Fig. 10b, in order to create a tie-back liner that extends from
the overlap between the first and second casings, 1004 and 1006, an apparatus
1100 is preferably provided that includes an expandable mandrel or pig 1105, a
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage
1130, a fluid passage 1185, one or more fluid passages 1140, seals 1145, and a
support member 1150. '

TheexpandablemandrelorpigllOSiseoupledtoandmpportedbythe
support member 1150. The expandable mandrel 1105 is preferably adapted to
controllably expand in a radial direction. The expandable mandrel 1105 may
comprise any number of conventional commercially available expandable mandrels
modified in accordance with the teachings of the present disclosure. In a preferred
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool
gubstantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is
inwrpomtedhereinbwaemnee,modiﬁedmaewrdamewiththewanhingsofthe
present disclosure.

The tubular member 1-110iscoupledeoandsupporbedbythzexpandable
mandrel 1105. The tubular member 1105 is expanded in the radial direction and
extruded off of the expandable mandrel 1105. The tubular member 1110 may be
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" fabricated from any number of materials such as, for example, Oilfield Country
Tubulear Goods, 13 chromium tubing or plastic piping. In a preferred embodiment,
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods.

The inner and outer diameters of the tubular member 1110 may range, for

5 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively.
In a preferred embodiment, the inner and outer diameters of the tubular member
1110 range from about 3 to 15.5 inches and 3.6 to 16 inches, respectively in order
to optimally provide coverage for typical cilfield casing sizes. The tubular member
1110 preferably comprises a solid member.

10 In a preferred embodiment, the upper end portion of the tubular member
1110 is slotted, perforated, or otherwise modified to catch or slow down the
mandrel 1105 when it completes the extrusion of tubular member 1110. In a
preferred embodiment, the length of the tubular member 1110 is limited to
minimize the possibility of buckling. For typical tubular member 1110 materials,

15 the length of the tubular member 1110 is preferably limited to between about 40
to 20,000 feet in length.

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular -
member 1110. The shoe 1116includes the fluid passage 1185. The shoe 1115 may
comprise any number of conventional commercially available shoes such as, for

20 example, Super Seal II float shoe, Super Seal IT Down-Jet float shoe or a guide shoe
with a sealing sleeve for a latch down plug modified in accordance with the
teachings of the present disclosure. In a preferred embodiment, the shoe 1115
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down
plug with side ports radiating off of the exit flow port available from Halliburton

25 Energy Services in Dallas, TX, modified in accordance with the teachings of the
present disclosure, in order to optimally guide the tubular member 1100 to the
overlap between the tubular member 1100 and the casing 1012, optimally fluidicly
hnhnethehnzﬁorofthetuhuku'nnnnherIIOOaﬁarthehnzh(hnwn[ﬂughms
seated, and optimally permit drilling out of the shoe 1116 after completion of the

30 expansion and cementing operations.

In a preferred embodiment, the shoe 1115 includes one or more side outlet
ports 1140 in fluidic communication with the fluid passage 1135. In this manner,
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the shoe 1115 injects hardenable fluidic sealing material into the region outside the
shoe 1115 and tubular member 1110. In 8 preferred embodiment, the shoe 1115
includes one or more of the fluid passages 1140 each having an inlet geometry that
can receive a dart and/or a ball sealing member. In this manner, the fiuid passages
1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into
the fluid passage 1130.

The cup seal 1120 is coupled to and supported by the support member 1150.
The cup seal 1120 prevents foreign materials from entering the interior region of
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal
1120 may comprise any number of conventional commercially available cup seals
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in
accordance with the teachings of the present disclosure. In a preferred
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and
contain a body of lubricant.

The fluid passage 1130 permits fluidic materials to be transported to and

from the interior region of the tubular member 1110 below the expandable

25

mandrel 1105. The fluid passage 1130 is coupled to and positioned within the
support member 1150 and the expandable mandrel 1105. The fluid passage 1130
preferably extends from a position adjacent to the surface to the bottom of the
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected
to transport materials such as cement, drilling mud or epoxies at flow rates and
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order
to optimally provide sufficient operating pressures to circulate fluids at
operationally efficient rates.

The fluid passage 1135 permits fluidic materialsto be transmitted from fluid
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105.

The fluid passages 1140 permits fluidic materials to be transported to and
from the region exterior to the tubular member 1110 and shoe 1115. The fluid
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic
communication with the interior region of the tubular member 1110 below the
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross-

sectional shape that permits a plug, or other similar device, to be placed in the fluid
passages 1140 to thereby block furtber passage of fluidic materials. In this
manner, the interior region of the tubular member 1110 below the expandable
mandrel 1105 can be fluidicly isolated from the region exterior to the tubular
member 1105. This permits the interior region of the tubular member 1110 below
the expandable mandrel 1105 to be pressurized.

The fluid passages 1140 are preferably positioned along the periphery of the
shoe 1116. The fluid passages 1140 are preferably selected to convey materials
such as cement, drilling mud or epoxies at flow rates and pressures ranging from
about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the
annular region between the tubular member 1110 and the tubular liner 1008 with
fluidic materials. In & preferred embodiment, the fluid passages 1140 include an
inlet geometry that can receive a dart and/or a ball sealing member. In this
manner, the fluid passages 1140 can be sealed off by introducing a plug, dart
and/or ball sealing elements into the fluid passage 1130. In a preferred
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140.

In an alternative embodiment, the base of the shoe 1115 includes a single
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug,
or other gimilar device, to permit the interior region of the tubular member 1110
to be fluidicly isolated from the exterior of the tubular member 1110.

The seals 1145 are coupled to and supported by a lower end portion of the
tubular member 1110. The seals 1145 are further positioned on an outer surface
of the lower end portion of the tubular member 1110. The seals 1145 permit the
overlapping joint between the upper end portion of the casing 1012 and the lower
end portion of the tubular member 1110 to be fluidicly sealed.

The seals 1145 may comprise any number of conventional commercially
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified
in accordance with the teachings of the present disclosure. In a preferred
embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available
from Halliburton Energy Services in Dallas, TX in order to optimally provide a
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hydraulic seal in the overlappingjoint and optimally provide load carrying capacity
to withstand the range of typical tensile and compressive loads.

In a preferred embodiment, the seals 1145 are selected to optimally provide
a sufficient frictional force to support the expanded tubular member 1110 from the
tubular liner 1008. In a preferred embodiment, the frictional force provided by the
seals 1145 ranges from about 1,000 to 1,000,000 bf in tension and compression in
order to optimally support the expanded tubular member 1110.

The support member 1150 is coupled to the expandable mandrel 1105,
tubular member 1110, shoe 1115, and seal 1120. The support member 1150
preferably comprises.an annular member having sufficient strength to carry the
apparatus 1100 into the wellbdre 1000. In a preferred embcliment, the support
member 1150 further includes one or more conventional centralizers (not
illustrated) to help stabilize the tabular member 1110.

In a preferred embodiment, a quantity of lubricant 1150 is provided in the
annular region above the expandable mandrel 1105 within the interior of the
tubular member 1110. In this manner, the extrusion of the tubular member 1110
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may
comprise any number of conventional commercially available lubricants such as,
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiseize (3100).
In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiseize
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in
order to optimally provide lubrication for the extrusion process.

Inapreferredembodiment,thesupportmemberll&isthomughlydeaned
prior to assembly to the remaining portions of the apparatus 1100. In this
manner,theinmdudionoffonignmamialintotheappmmuOOhminimized.
ﬂxisnﬁnhnimthapoesibﬂityofforelgnmterialclo@gmevnn‘ousﬂow
passages and valves of the apparatus 1100 and to ensure that no foreign material
interferes with the expansion mandrel 1105 during the extrusion process.

In a particularly preferred embodiment, the apparatus 1100 includes a
packer 1155 coupled to the bottom section of the shoe 11156 for fluidicly isolating
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic
materials are prevented from entering the region of the wellbore 1000 below the
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apparatus 1100. The packer 1156 may comprise any number of conventional
commercially available packers such as, for example, EZ Drill Packer, EZ SV
Packer or a drillable cement retainer. In a preferred embodiment, the packer
11556 comprises an EZ Drill Packer available from Halliburton Energy Services in
Dallag, TX. In an alternative embodiment, & high gel strength pill may be set
below the tie-back in place of the packer 1155. In another alternative embodiment,
the packer 1155 may be omitted.

In a preferred embodiment, before or after positioning the apparatus 1100
within the wellbore 1100, a couple of wellbore volumes are circulated in order to
ensure that no foreign materials are located within the wellbore 1000 that might
clog up the various flow passages and valves of the apparatus 1100 and to ensure
thatmfoxeignmateﬁalinterfmwiththeoperaﬁonoﬂheexpansionmdml
1105.

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is then
pumped from a surface location into the fluid passage 1130. The material 1160
then passes from the fluid passage 1130 into the interior region of the tubular
member 1110 below the expandable mandrel 1105. The material 1160 then passes
from the interior region of the tubular member 1110 into the fluid passages 1140.
The material 1160 then exits the apparatus 1100 and fills the annular region
between the exterior of the tubular member 1110 and the interior wall of the
tubular liner 1008. Continued pumping of the material 1160 causes the material
1160 to fill up at least a portion of the annular region.

ThematerialllGquybemmpedintotheanmdar:egionatpmsuresand
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500
gallons/min, respectively. In a preferred embodiment, the material 1160 is pumped
into the annular region at pressures and flow rates specifically designed for the
caging sizes being run, the annular spaces being filled, the pumping equipment
available, and the properties of the fluid being pumped. The optimum flow rates
and pressures are preferably calculated using conventional empirical methods.

The hardensable fluidic sealing material 1160 may comprise any number of
conventional commercially available hardenable flunidic sealing materials such as,
for example, slag mix, cement or epoxy. In a preferred embodiment, the
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hardenable fluidic sealing material 1160 comprises blended cements specifically
designed for well section being tied-back, available from Halliburton Energy
Services in Dallas, TX in order to optimally provide proper support for the tubular
member 1110 while maintaining optimum flow characteristics so as to minimize
operational difficulties during the displacement of cement in the annular region.
The optimum blend of the blended cements are preferably determined using
conventional empirical methods.

The annular region may be filled with the material 1160 in sufficient
quantities to ensure that, upon radial expansion of the tubular member 1110, the
annular region will be filled with material 1160.

Asillustratedin Fig. 10d, oncé the annular region has been adequately filled
with material 1160, one or more plugs 1165, or other similar devices, preferably
are introduced into the fluid passages 1140 thereby fluidicly isolating the interior
region of the tubular member 1110 from the annular region external to the tubular
member 1110. In a preferred embodiment, a non hardenable fluidic material 1161
is then pumped into the interior region of the tubular member 1110 below the
mandrel 1105 causing the interior region to pressurize. Ina particularly preferred
embodiment, the one or more plugs 1165, or other similar devices, are introduced
into the fluid passage 1140 with the introduction of the non hardenable fluidic
material. In this manner, the amount of hardenable fluidic material within the
interior of the tubular member 1110 is minimized.

As illustrated in Fig. 10e, once the interior region becomes sufficiently
pressurized, the tubular member 1110 is extruded off of the expandable mandrel
1105. During the extrusion process, the expandable mandrel 1105 is raised out of
the expanded portion of the tubular member 1110.

The plugs 1165 are preferably placed into the fluid passages 1140 by
introducing the plugs 1165 into the fluid passage 1180 at a surface location in a
conventional manner. The plugs 1.65 may comprise any number of conventional
commervially available devices from plugging a fluid passage such as, for example,
brass balls, plugs, rubber balls, or darts modified in accordance with the teachings
of the present disclosure.
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In a preferred embodiment, the plugs 1165 comprise low density rubber
balls. In an alternative embodiment, for a shoe 1105 having a common central
inlet passage, the plugs 1165 compris a single latch down dart. '

After placement of the plugs 1165 in the fluid passages 1140, the non

bardenable fluidic material 1161 is preferably pumped into the interior region of
the tubular member 1110 below the mandrel 1105 at pressures and flow rates
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min.
In a preferred embodiment, after placement of the plugs 1165 in the fluid passages
1140, the non hardenable fluidic material 1161 is preferably pumped into the
interior region of the tubular member 1110 below the mandrel 1105 at pressures
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250
gallons/min in order to optimally provide extrusion of typical tubulars.

For typical tubular members 1110, the extrusion of the tubular member
1110 off of the expandable mandrel 1105 will begin when the pressure of the
intariorregionofthehlbuhrmemberulObdowthemmdreluOSreaches,for
example, approximately 1200 to 8500 psi. In a preferred embodiment, the
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins
when the pressure of the interior region of the tubular member 1110 below the
mandrel 1105 reaches appraximately 1200 to 8500 pai.

During the extrusion process, the expandable mandrel 1105 may be raised
out of the expanded portion of the tubular member 1110 at rates ranging, for
example, from about 0 to 5 fi/sec. In a preferred embodiment, during the extrusion
process, the expandable mandrel 1105 is raised out of the expanded portion of the
tubu]armemberllloummrmgingﬁomaboutowzﬁlsecinordertoopﬁmauy
provide permit adjustment of operational parameters, and optimally ensure that
the extrusion process will be completed before the material 1160 cures.

In a preferred embodiment, at least a portion 1180 of the tubular member
1110 has an internal diameter less than the outside diameter of the mandrel 1105.
In this manner, when the mandrel 1105 expands the section 1180 of the tubular
member 1110, at least a portion of the expanded section 1180 effects a seal with
at least the wellbore casing 1012, In a particularly preferred embodiment, the seal
is effected by compressing the seals 1016 between the expanded section 1180 and
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the
jointbetweentheerpandedsecﬁonll%ofthembuhrmembernmandthe
casinglOerangesﬁvmaboutSOOtol0,000psiinordertoopﬁmallypmvidé
preasuretoacﬁvatethemﬁngmembersllﬁandpmvideopﬁmnlresistaneeto

5 ensure that the joint will withstand typical extremes of tensile and compressive
loads.

In an alternative preferred embodiment, substantially all of the entire
lengthofthembuhrmemberumhasmintemldiamewrlessthantheouﬁde
diameter of the mandrel 1105. In this manner, extrusion of the tubular member

10 1110bythemandrel1105reuﬂtainmbactbetweenmhstanﬁaﬂyaﬂoftbe
e:pandedtnbu]armemberummdtheexisﬁngeaﬁngloo& In a preferred
embodimmt.theeontactpwsmeofthajointbetwmtheexpandedmbuhr
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi
inordertoopﬁmallypmvidepressuretoacﬁvatetheaeaﬁngmembersuﬁand

15 pmvideopﬁmalr@staneewenmnthatthejomtwmwithstandtypicalextranes
of tensile and compressive loads.

Inapmfenedmbodhnent,theoperaﬁngpmmandnowmteofthe
material 1161 is controllably ramped down when the expandable mandrel 1105
reaches the upper end portion of the tubular member 1110. In this manner, the

20 suddenmleaseofpmmeausedbythecompleteex&usionofthembuht
member 1110 off of the expandable mandrel 1105 can be minimized. In a
preferred embodiment, the operating pressure of the fluidic material 1161 is
reduwdinasubstantiallylinearfashionﬁ'omIOO%toaboutIO%duringtheend
of the extrusion process beginning when the mandrel 1105 has completed

25 approximately all but about 5 feet of the extrusion process.

Alba'naﬁvely,orhwombinaﬁon,aabockabsorberispmvidedinthesupport
memberllSOinordatoabsorbtheshockeausedbythesuddenreleaseof
pressure.

Alternatively, or in combination, a mandrel catching structure is provided

30 in the upper end portion of the tubular member 1110 in order to catch or at least
decelerate the mandrel 1105.
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Referring to Fig. 10f, once the extrusion process is completed, the
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred
embodiment, either before or after the removal of the expandable mandrel 1105,
the integrity of the fluidic seal of the joint between the upper portion of the
tubular member 1110 and the upper portion of the tubular liner 1108 is tested
using conventional methods. If the fluidic seal of ths joint between the upper
portion of the tubular member 1110 and the upper portion of the tubular liner
1008 is satisfactory, then the uncured portion of the material 1160 within the
expanded tubular member 1110 is then removed in a conventional manner. The
mabenalllﬁﬂthhmthemularreponbetweenthambuhrmmballmand
the tubular liner 1008 is then allowed to cure.

As illustrated in Fig. 10f, preferably any remaining cured material 1160
within the interior of the expanded tubular member 1110 is then removed in a
conventional mannerusing a conventional drill string. The resulting tie-back liner
of casing 1170 includes the expanded tubular member 1110 and an outer annular
layer 1175 of cured material 1160,

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by
drilling out the shoe 1115 and packer 1165 using conventional drilling methods.

In a particularly preferred embodiment, the apparatus 1100 incorporates
the apparatus 900.

Referring now to Figs. 11a-11f, an embodiment of an apparatus and method
for hanging a tubular liner off of an existing wellbore casing will now be described.
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean
formation 1205. The wellbore 1200 includes an existing eased section 1210 having
a tubular caging 1216 and an annular outer layer of cement 1220.

In order to extend the wellbore 1200 into the subterranean formation 1205,
a drill string 1226 is used in a well known manner to drill out material from the
subterranean formation 1205 to form a new section 1280.

As illustrated in Fig. 11D, an apparatus 1300 for forming a wellbore casing
in a subterranean formation is then positioned in the new section 1230 of the
wellbore 100. The apparatus 1300 preferably includes an expandable mandrel or
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug
1350. ’

The expandable mandrel 1305 is coupled to and supported by the support
member 1345. The expandable mandrel 1305 is preferably adapted to controllably
expand in a radial direction. The expandable mandrel 1805 may comprise any
number of conventional commercially available expandable mandrels modified in
accordance with the teachings of the present disclosure. In a preferred
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool
substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is
incorporated herein by reference, modified in accordance with the teachings of the
present disclosure.

The tubular member 1810 is coupled to and supported by the expandable
mandrel 1305. The tubular member 1310 is preferably expanded in the radial
direction and extruded off of the expandable mandrel 1305. The tubular member
1310 may be fabricated from any number of materials such as, for example, Oilfield
Country Tubular Goods (OCTG), 13 chromium steel tubingf/casing or plastic
casing. In a preferred emhodiment, the tubular member 1310 is fabricated from
OCTG. The inner and outer diameters of the tubular member 1310 may range, for
example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively.
hapreferredembodhnent,tbeinnerandoumdimetarsofthemb\ﬂarmember
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in arder
to optimally provide minimal telescoping effect in the most commonly encountered
wellbore sizes.

In a preferred embodiment, the tubular member 1310 includes an upper
portion 1355, an intermediate portion 1360, and a lower portion 1365. In a
preferred embodiment, the wall thickness and outer diameter of the upper portion
1355 of the tubular member 1310 range from about 3/8 to 1 % inches and 3 % to
16 inches, respectively. In a preferred embodiment, the wall thickness and outer
diameter of the intermediate portion 1360 of the tubular member 1310 range from
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred
embodiment, the wall thickness and outer diameter of the lower portion 1365 of
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches,

In a particularly preferred embodiment, the wall thickness of the
intermediate section 1360 of the tubular member 1310 is less than or equal to the
wall thickness.of the upper and lower sections, 1355 and 1365, of the tubular
member 1310 in order to optimally faciliate the initiation of the extrusion process
and optimally. permit the placement of the apparatus in areas of the wellbore
having tight clearances. .

The tubular member 1310 preferably comprises a solid member. In a
preferred embodiment, the upper end portion 1365 of the tubular member 1310
is slotted, perforated, or otherwise modified to catch or slow down the mandrel
1305 when it completes the extrusion of tubular member 1310. In a preferred
embodiment, the length of the tubular member 1810 is limited to minimize the
possibility of buckling. For typical tubular member 1310 materials, the length of
the tubular member 1310 is preferably limited to between about 40 to 20,000 feet
in length.

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise
any number of conventional commercially available shoes such as, for example,
Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a
sealing aleeve for a latch-down plug modified in accordance with the teachings of
the present disclosure. In a preferred embodiment, the ahoe 1315 comprises an
aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available
from Halliburton Energy Services in Dallas, TX, modified in accordance with the
teachings of the present disclosure, in order to optimally guide the tubular member
1310 into the wellbore 1200, optimally fluidicly isolate the interior of the tubular
member 1310, and optimally permit the complete drill out of the shoe 1315 upon
the completion of the extrusion and cementing operations.

In a preferred embodiment, the shoe 1315 further includes one or more side
outlet ports in fluidic communication with the fluid passage 1330. In this manner,
the shoe 1315 preferably injects hardenable fluidic sealing material intothe region
outside the shoe 1315 and tubular member 1810. In a preferred embodiment, the
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shoe 13815 includes the fluid passage 1330 having an inlet geometry that can
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid
passage 1330.

The fluid passage 1320 permits fluidic materials to be transported to and
from the interior region of the tubular member 1310 below the expandable
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the
support member 1345 and the expandable mandrel 1305. The fluid passage 1320
pmferablyextmds&omaposiﬁonadjaeenttothesmﬁcetotheboﬁomofthe
expandable mandrel 1305. The fluid passage 1320 is preferably positioned along
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected
to transport materials such as cement, drilling mud, or epoxies at flow rates and
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order
to optimally provide sufficient operating pressures to circulate fluids at
operationally efficient rates.

Theﬂuidpassagel&ﬂpermitsﬂuidicmam-inlstobeh-ansportedtoand
from the region exterior to the tubular member 1310 and shoe 1315. The fluid
passagelS&Oisconpledtonndposiﬁonedwithintheshoel315inﬁuidic
communication with the interior region 1370 of the tubular member 1310 below
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross-
secﬁonalshapethatpermiﬁaplug,orothersimﬂardevine,tobepbedinﬂuid
mmgvlmwthaebyblockmrtherpassageofﬁuidicmawﬁnls. In this manner,
the interior region 1370 of the tubular member 1310 below the expandable
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular
member 1310. This permits the interior region 1370 of the tubular member 1310
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is
preferably positioned substantially along the centerline of the apparatus 1300.

The fluid passage 1330 is preferably selected to convey materials such as
eement,dﬁlﬁngmudorepoxiesatﬂowratesandmmuearangingﬁomabouto
to 8,000 gallons/minute and 0-to 9,000 psi in order to optimally fill the annular
mgionbetweenthetubularmemherlSlOandthenewwcﬁonl%Oofthewaubom
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330
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includes an inlet geomstry that can receive a dart and/or a ball sealing member.
Inthismma,theﬂnidpamgelaaombemledoﬂ'byinhodudngaplug,dm
and/or ball sealing elements into the fluid passage 1320.

The fluid passage 1335 permits fluidic materials to be transported to and
from the region exterior to the tubular member 1310 and shoe 1315. The fluid
passage 1835 is coupled to and positioned within the shoe 1315 in fluidic
communication with the fluid passage 1330. The fluid passage 1335 is preferably
positioned substantially along the centerline of the apparatus 1300. The fluid
passage 1335 is preferably selected to convey materials such as cement, drilling
mud or epoxies at flow rates and pressures ranging from about 0 to 3,000
gallons/minute and 0 to 9,000 pei in order to optimally fill the annular region
between the tubular member 1310 and the new section 1230 of the wellbore 1200
with fluidic materials. '

The seals 1340 are coupled to and supported by the upper end portion 1856
of the tubular member 1310. The seals 1340 are further positioned on an outer
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340
permit the overlapping joint between the lower end portion of the casing 1215 and
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The
seals 1340 may comprise any number of conventional commercially available seals
such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance
with the teachings of the present disclosure. In a preferred embodiment, the geals
1340 comprise seals molded from Stratalock epoxy available from Halliburton
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the
annulus of the overlapping joint while also creating optimal load bearing capability
to withstand typical tensile and compressive loads.

In a preferred embodiment, the seals 1340 are selected to optimally provide
a sufficient frictional force to support the expanded tubular member 1310 from the
existing casing 1215. In a preferred embodiment, the frictional force provided by
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally
support the expanded tubular member 1310.

The support member 1345 is coupled to the expandable mandrel 1305,
tubular member 1310, shoe 1315, and seals 1340. The support member 1345
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pmferablyeompﬁsesanmmﬂarmemberhavingmﬁidents&engthweanythe
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred
embodiment, the support member 1345 further includes one or more conventional
centralizers (not illustrated) to help stabilize the tubular member 1310.

In a preferred embodiment, the support member 1345 is thoroughly cleaned
pﬁortoassemblytotheremainingporﬁonsoftheappmmoo. In this
manner, the introduction of foreign material into the apparatus 1300 isminimized.
This minimizes the possibility of foreign material clogging the varigus flow
passages and valves of the apparatus 1300 and to ensure that no foreign material
interferes with the expansion process.

The wiper plug 1350 is coupled to the mandrel 1305 within the interior
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may
comprise one or more conventional commercially available wiper plugs such as, for
example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or
three-wiper latch-down plug modified in accordance with the teachings of the
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a
Multiple Stage Cementer latch-down plug available from Halliburton Energy
Services in Dallas, TX modified in a conventional manner for releasable
attachment to the expansion mandrel 1305.

In a preferred embodiment, before or after positioning the apparatus 1300
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are
circulated in order to ensure that no foreign materials are located within the
wellbore 1200 that might clog up the various flow passages and valves of the
apparatus 1300 and to ensure that no foreign material interferes with the
extrusion process.

Asillustrated in Fig. 11¢, a hardenable fluidic sealing material 1380 is then
pumped from a surface location into the fluid passage 1320. The material 1380
then passes from the fluid passage 1320, through the fluid passage 1375, and into
the interior region 1370 of the tubular member 1310 below the expandable
mandrel 1305. The material 1380 then passes from the interior region 1370 into
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the
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fluid passage 1335 and fills the annular region 1390 between the exterior of the
tubular member 1810andtheinteﬁorwaﬂofthenewsecﬁon12300ftheweln;ore
1200. Continued pumping of the material 1380 causes the material 1380 to fill up
at least a portion of the annular region 1380.

The material 1380 may be pumped into the annular region 1390 at
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to
1,500 gallons/min, respectively. In a preferred embodiment, the material 1380 is
pumped into the annular region 1390 at pressures and flow rates ranging from
about 0 to 5000 psi and 0 to 1,600 gallons/min, respectively, in order to optimally
fill the anniular region between the tubular member 1310 and the new section 1230
of the wellbore 1200 with the hardenable fluidic sealing material 1380.

The hardenable fluidic sealing material 1380 may comprise any number of
conventional commaercially available hardenable fluidic sealing materials such as,
for example, slag mix, cement or epoxy. In a preferred embodiment, the
hardensble fluidic sealing material 1380 comprises blended cements designed
specifically for the well section being drilled and available from Halliburton Energy
Services in order to optimally provide support for the tubular member 1310 during
displacement of the material 1380 in the annular region 1390. The optimum blend
of the cement is preferably determined using conventional empirical methods.

The annular region 1390 preferably is filled with the material 1380 in
sufficient quantities to ensure that, upon radial expansion of the tubular member
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will be
filled with material 1380.

Asillustrated in Fig. 11d, once the annular region 1330 has been adequately
filled with material 1380, a wiper dart 1395, or other similar device, is introduced
into the fluid passage 1320. The wiper dart 1385 is preferably pumped through the
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395
then preferably engages the wiper plug 1350.

As illustrated in Fig. 1le, in a preferred embodiment, engagement of the
wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid
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passage 1330, and fluidicly isolating the interior region 1370 of the tubular
member 1310 from the annular region 1390. In a preferred embodiment, the non
hardenable fluidic material 1381 is then pumped into the interior region 1370
causing the interior region 1370 to pressurize. Once the interior region 1370
becomes sufficiently pressurized, the tubular member 1310 is extruded off of the
expandable mandrel 1305. During the extrusion process, the expandable mandrel
1305 is raised out of the expanded portion of the tubular member 1310 by the
support member 1345.

The wiper dart 1395 is preferably placed into the fluid passage 1320 by
introducing the wiper dart 1385 into the fluid passage 1320 at a surface location
in a conventional manner. The wiper dart 1395 may comprise any number of
conventional commercially available devices from plugging a fluid passage such as,
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs
or three wiper latch-down plug/dart modified in accordance with the teachings of
the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises
a three wiper latch-down plug modified to latch and seal in the Multiple Stage
Cementer latch down plug 1350. The three wiper latch-down plug is available
from Halliburton Energy Services in Dallas, TX.

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper
dart 1895, the non hardenable fluidic material 1381 may be pumped into the
h:teﬁorregionm?o:tpremmandﬂowratesmnging.torexample.ﬁom
approximately 0 to 5000 psi and 0 to 1,500 gallons/min in order to optimally
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the
amount of hardenable fluidic material within the interior of the tubular member
1310 is minimized.

In a preferred embodiment, after blocking the fluid passage 1330, the non
hardenable fluidic material 1381 is preferably pumped into the interior region
1370 at pressures and flow rates ranging from approximately 500 to 9,000 psi and
40 to 3,000 gallons/min in order to optimally provide operating pressures to
maintain the expansion process at rates sufficient to permit adjustments to be
made in operating parameters during the extrusion process.
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For typical tubular members 1310, the extrusion of the tubular member
1310 off of the expandable mandre} 1306 will begin when the pressure of the
interior region 1370 reaches, for example, approximately 500 to 9,000 psi. In a
preferred embodiment, the extrusion of the tubular member 1310 off of the
expandable mandrel 1306 is a fimction of the tubular member diameter, wall
thickness of the tubular member, geametry of the mandrel, the type of lubricant,
the composition of the shoe and tubular member, and the yield strength of the
tubular member. The optimum flow rate and operating pressures are preferably
determined using conventional empirical methods.

During the extrusion process, the expandable mandrel 1305 may be raised
out of the expanded portion of the tubular member 1310 at rates ranging, for
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion
process, the expandable mandrel 1305 may be raised out of the expanded portion
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to
optimally provide an efficient process, optimally permit operator adjustment of
operation parameters, and ensure optimal completion of the extrusion process
before curing of the material 1380.

‘When the upper end portion 1355 of the tubular member 1310 is extruded
off of the expandable mandrel 1305, the outer surface of the upper end portion
1355 of the tubular member 1310 will preferably contact the interior surface of the
lower end portion of the casing 1215 to form an fluid tight overlapping joint. The
contact pressure of the overlapping joint may range, for example, from
approximately 50 to 20,000 psi. In a preferred embodiment, the contact pressure
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to
opﬁmanypmvidecontactpresmmmmdmttoensureanmﬂarsealingandpmvide
enough resistance to withstand typical tensile and compressive loads. In a
particularly preferred embodiment, the sealing members 1340 will ensure an
adequate fluidic and gaseous seal in the overlapping joint.

- In a preferred embodiment, the operating pressure and flow rate of the non

30 hardenable fluidic material 1381 is controllably ramped down when the expandable

mandrel 1305 reaches the upper end portion 1855 of the tubular member 1310.
Inthismannm',themddenreleamofpxmneeausedbythewmplete-utmsion
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimized.
In a preferred embodiment, the operating pressure is reduced in a substantially
linear fashion from 100% to about 10% during the end of the extrusion process
beginning when the mandrel 1305 has completed approximately all but about §
feet of the extrusion process.

Alternatively, or in combination, a shock absorber is provided in the support
member 1345 in order to absorb the shock caused by the sudden release of
pressure.

Alternatively, or in combination, a mandre! catching structure is provided
in the upper end portion 1355 of the tubular member 1310 in order to catch or at
least decelerate the mandrel 1305.

Once the extrusion process is completed, the expandable mandrel 1305 is.

- removed from the wellbore 1200. In a preferred embodiment, either before or after

the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the
overlappingjoint between the upper portion 1355 of the tubular member 1310 and
the lower portion of the caging 1215 is tested using conventional methods. If the
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular
member 1310 and the lower portion of the casing 1215 is satisfactory, then the
uncured portion of the material 1380 within the expanded tubular member 1310
is then removed in a conventional manner. The material 1380 within the annular
region 1390 is then allowed to cure.

As illustrated in Fig. 11f, preferably any remaining cured material 1380
within the interior of the expanded tubular member 1310 is then removed in a
conventional manner using a conventional drill string. The resulting new section
of casing 1400 includes the expanded tubular member 1310 and an outer annular
layer 1405 of cured material 305. The bottom portion of the apparatus 1300
comprising the shoe 1316 may then be removed by drilling out the shoe 1315 using
conventional drilling methods.

A method of creating a casing in a borehole located in a subterranean
formation has been described that includes installinga tubular liner and a mandrel
in the borehole. A body of fluidic material is then injected into the borehole. The
tubular liner is then radially expanded by extruding the liner off of the mandrel.
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The injecting preferably includes injecting a hardenable fluidic sealing material
intoanannuhrregionloatedbetweenthebmholeandtheexteﬁorof.the
hdnﬂarﬁmuu;andlnnonlunﬂenahh:ﬂnkﬁcnmﬂz:ﬁﬂinmoaninuadarregknxofthe
tubular liner below the mandrel. The method preferably includes fluidicly
isolating the annular region from the interior region before injecting the second
quantity of the non hardenable sealing material into the interior region. The
injecting the hardenahle fluidic sealing material is preferably provided at
opemﬁngpressuresandﬂowratesmngingﬁomaboutOtoWOOpsiandOtoljoo
gallons/min. The injecting of the non hardenable fluidic material is preferably
pmvidedatoperatingpmmmdﬂowmﬁeamging&omaboutwowsooow
and 40 to 8,000 gallons/min. The injecting of the non hardenable fhridic material
ispwe&uabkyprovﬁhuiatnuhuedopennﬁq;pnunnnwaandtknwramesdurﬁuganemd
portion of the extruding. The non hardenable fluidic material is preferably
injected below the mandrel. The method preferably includes pressurizing a region
of the tubular liner below the mandrel. The region of the tubular liner below the
nnnm&nﬂis;ntﬂhnﬂﬂy;ueasuﬁuedho;uessuresranghmgﬁxnnabout500toSLOOO;ui
The method preferably includes fluidicly isolating an interior region of the tubular
mmnihnnanexhnﬁmnqﬁonofﬂmtubnhrﬁnen.Thennnhodﬂnihsrpummabb
indudesuxringthehaﬂembleaedhgmteﬁnandmovingatleastapmﬁon
of the cured sealing material located within the tubular liner. The method further
pnﬁknnmybmﬂndesuwnhuuﬁngthehﬂnﬂarﬁnervﬁ&haneuiningvuﬂnxnecmﬁng
The method further preferably inchudes sealing the overlap between the tubular
liner and the existing wellbore casing. The method further preferably includes
supporﬁngthsemirudadhﬂuﬂarHnerudmgtheoweﬂqpvﬁﬂ:ﬂheexhﬂﬁngvuﬂnxne
casing. The method further preferably includes testing the integrity of the seal in
the overlap between the tubular liner and the existing wellbore casing. The
method further preferably includes removing at least a portion of the hardenable
fluidic sealing material within the tubular liner before curing. The method further
preferably includes lubricating the surface of the mandrel. The method further

30 preferably includes absorbing shock. The method further preferably includes

awdﬁngthenmnnhelupontheemnphﬁmnoftbee:hudhu;
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An apparatus for creating a casing in a borehole located in a subterranean
formation has been described that includes a support member, a mandrel, a
tubular member, and a shoe. ‘The support member includes a first fluid passage.
The mandrelis coupled to the support member and includes a second fluid passage.
The tubular member is coupled to the mandrel. The shoe is coupled to the tubular
liner and includes a third fluid passage. The first, second and third fluid passages
are operably coupled. The support member preferably further includes a pressure
relief passage, and a flow control valve coupled to the first fluid passage and the
pressure relief passage. The support member further preferably includes a shock
absorber. The support member preferably includes one or more sealing members
adapted to prevent foreign material from entering an interior region of the tubular
member. The mandrel is preferably expandable. The tubular member is
preferably fabricated from materials selected from the group consisting of Oilfield
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The
tubular member preferably has inner and outer diameters ranging from about 3
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular member preferably
has a plastic yield point ranging from about 40,000 to 135,000 psi. The tubular
member preferably includes one or more sealing members at an end portion. The
tubular member preferably includes one or more pressure relief holes at an end
portion. The tubular member preferably includes a catching member at an end
portion for slowing down the mandrel. The shoe preferably includes an inlet port
coupled to the third fluid passage, the inlet port adapted to receive a plug for
blocking the inlet port. The shoe preferably is drillable.

Amethod of joining & second tubular member to a first tubular member, the
first tubular member having an inner diameter greater than an cuter diameter of
the second tubular member, has been described that includes positioning a
mandrel within an interior region of the second tubular member, positioning the
first and second tubular members in an overlapping relationship, pressurizing a
portion of the interior region of the second tubular member; and extruding the
second tubular member off of the mandrel into engagement with the first tubular
member. The pressurizing of the portion of the interior region of the second
mbuhrmemberispreferablypmvidedatoperaﬁngpmuresmgingfromabmt

-64-



10

156

20

25

30

W,

500 to 9,000 psi. The pressurizing of the portion of the interior region of the

second tubular member is preferably provided at reduced operating pressures
during a latter portion of the extruding. The method further preferably includes
sealing the overlap between the first and second tubular members. The method
further preferably includes supporting the extruded first tubular member using
the overlap with the second tubular member. The method further preferably
includes lubricating the surface of the mandrel. The method further preferably
includes absorbing shock.

A liner for use in creating a new section of wellbore casing in a subterranean
formation adjacent to an already existing section of wellbore cising has been
described that includes an annular member. The annular member includes ons or
more sealing members at an end portion of the annular member, and one or more
pressure relief passages at an end portion of the annular member.

A wellbore casing has been described that includes a tubular liner and an
annular body of a cured fluidic sealing material. The tubular liner is formed by the
process of extruding the tubular liner off of a mandrel. The tubular liner is
preferably formed by the process of placing the tubular liner and mandrel within
the wellbore, and pressurizing an interior portion of the tubular liner. The
annular body of the cured fluidic sealing material is preferably formed by the
process of injecting a body of hardenable fluidic sealing material into an annular
region external of the tubular liner. During the pressurizing, the interior portion
othhahprWWhmuMormﬁonof&e
tubular liner. Theintmiorporﬁonofthetnhuhrlherispreferablypresau'ized
to pressures ranging from about 500 to 8,000 psi. The tubular liner preferably
overlaps with an existing wellbore casing. The wellbore casing preferably further
includes a seal positioned in the overlap between the tubular liner and the existing
wellbore casing. Tubular liner is preferably supported the overlap with the
existing wellbore casing.

A method of repairing an existing section of a wellbore casing within a
borehole has been described that includes installing a tubular liner and a mandrel
withinthewellbomeasing,iqiecﬁngabodyofaﬂuidicmtaialhtothebomhde,
pressurizing a portion of an interior region of the tubular liner, and radially
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expanding the liner in the borehole by extruding the liner off of the mandrel. In
a preferred embodiment, the fluidic material is selected from the group consisting
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the
method further includes fluidicly isolating an interior region of the tubular liner
from an exterior region of the tubular liner. In a preferred embodiment, the
injecting of the body of fluidic material is provided at operating pressures and flow
rates ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a
preferred embodiment, the injecting of the body of fluidic material is provided at
reduced operating pressures and flow rates during an end portion of the extruding.
In a preferred embodiment, the fluidic material is injected below the mandrel. In
a preferred embodiment, a region of the tubular liner below the mandrel is
pressurized. In a preferred embodiment, the region of the tubular liner below the
mandrel is pressurized to pressures ranging from about 500 to 9,000 psi. In a
preferred embodiment, the method further includes overlapping the tubular liner
with the existing wellbare casing. In a preferred embodiment, the method further
includes sealing the interface between the tubular liner and the existing wellbore
casing. lnapreferredembodiment,themethodmrtherincludmpporﬁngtha
extruded tubular liner using the existing wellbore casing. In a preferred

‘ embodiment, the method further includes testing the integrity of the seal in the

20

interface between the tubular liner and the existing wellbore casing. In a
preferred embodiment, method further includes lubricating the surface of the
mandrel. In a preferred embodiment, the method further includes absorbing
shock. Inapreferredembodiment,t.hemathodfurtherincludescatchingthe
mandrel upon the completion of the extruding. In a preferred embodiment, the
method further includes expanding the mandrel in a radial direction.

A tie-back liner for lining an existing wellbore casing has been described
that includes a tubular liner and an annular body of a cured fluidic sealing
material. The tubular liner is formed by the process of extruding the tubular liner
off of a mandrel. The annular body of a cured fluidic sealing material is coupled
to the tubular liner. Inapreferredembodiment,thembtﬂarlinerisformedbythe
process of placing the tubular liner and mandrel within the wellbore, and
pressurizing an interior portion of the tubular liner. In a preferred embodiment,

-66-



e

.

o

10

15

20

during the pressurizing, the interior portion of the tubular liner is fluidicly isolated
from an exterior portion of the tubular liner. In a preferred embodiment, the
interior portion of the tubular liner is pressurized at pressures ranging from about
500 to 9,000 psi. In a preferred embodiment, the annular body of a cured fluidic
sealing material is formed by the process of injecting a body of hardenable fluidic
unmnguuuadalhmoanannukutqﬁnnbahnzntheexhﬁngvnﬂﬂxuecaﬁngand
the tubular liner. In a preferred embodiment, the tubular liner overlaps with
another existing wellbore casing. In a preferred embodiment, the tie-back liner
further includes a seal positioned in the overlap between the tubular liner and the
other existing wellbore casing. In a preferred embodiment, tubular liner is
supported by the overlap with the other existing wellbore casing.

An apparatus for expanding a tubular member has been described that
includes a support member, a mandrel, a tubular member, and a shoe. The
support member includes a first fluid passege. The maadrel i3 coupled to the
support member. The mandrel includes a second fluid passage operably coupled
to the first fluid passage, an interior portion, and an exterior portion. The interior
portion of the mandrel is drillable. The tubular member is coupled to the mandrel.
The shoe is coupled to the tubular member. The shoe includes a third fluid
passage operably coupled to the second fluid passage, an interior portion, and an
exterior portion. The interior portion of the shoe is drillable. Preferably, the
hnndnrponﬁonchha1nmmhelhmﬂudasatwhuhrnmunberandalhxulbemﬁng
member. Preferably, the load bearing member comprises a drillable body.
Preferably, the interior portion of the shoe includes a tubular member, and a load
beaﬁngnmnnher.I&eﬁuahbuﬁhekmdheaﬁmgnnnnherunnprhesadrﬂhnﬂehody.
inunbb;ﬂu;anuwkmxnrﬁonofﬂnanmndnﬂcnnunﬁnaanﬁnqmnamncmma
Pnubnnnmtheexpandmnconehﬁunﬂzuedﬁnnnumhnﬁﬂaaﬂedzdihmnthagnmq)
condsﬁngofhxﬂshuﬂ,ﬁﬂnﬁnn;andceranﬁc.I&eﬁnnhhntheexpansknleonehms
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a
portion of the apparatus is drillable.

Although illustrative embodiments of the invention have been shown and
de&:ﬂnd,avﬁderangaofnuxﬁﬁunmn;changesandsuhsﬁtuﬁonisconhﬂnpkﬂed
in the foregouing disclosure. In some instances, some features of the present
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Acwrdhg!y.itisapmpﬁaﬁethattheappendedchimbewns&uedbmadlyand
in a manner consistent with the scope of the invention. " '
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Claims

1 1. A method of creating a casing in a borehole located in a subterranean
2 formation, comprising:

3 installing a tubular liner and a mandrel in the borehole;

4 injecting fluidic material into the borehole;

5 pressurizing a portion of an interior region of the tubular liner; and

6 radially expanding at least a portion of the liner in the borehole by
7 extruding at least a portion of the liner off of the mandrel.

1 2. A method of creating a casing in a borehole located in a section of a
2 subterranean formation, the borehole having an already existing casing,

3 comprising:
4 drilling out a new section of the borehole adjacent to the already existing
5 casing;
6 placing a tubular liner and an expandable mandrel into the new section of
7 the borehole;
8 overlapping the tubular liner with the already existing casing;
9 injecting a hardenable fluidic sealing material into an annular region
10 between the tubular liner and the new section of the borehole;
11 fluidicly isolating the annular region between the tubular liner and the new
12 section of the borehole from an interior region of the tubular liner
18 below the mandrel;
14 injecting a non hardenable fluidic material into the interior region of the
15 tubular liner below the mandrel;
16 extruding the tubular liner off of the expandable mandrel;
17 sealing the overlap between the tubular liner and the already existing
18 casing;
19 supporting the tubular liner with the overlap with the already existing
20 caging;
21 removing the mandrel from the borehole;
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testing the integrity of the seal of the overlap between the tubular liner and

removingatleastaporﬁonofthehardembleﬂuidicsealingmaheﬁalﬁvni
the interior of the tubular liner; .

cuﬁngtheremainingportionsoftheﬂuidichardenablemﬁdicsealing
material; and

removing at least a portion of the cured fluidic hardenable sealing material
within the tubular liner.

Annppamhxsforexpandingambu]armmnber,eomprising:
ampportmanber,themppoﬁmmberindudhgaﬁrstﬁuidpamge;
a mandrel coupled to the support member, the mandrel including:

a second fluid passage;
a tubular member coupled to the mandrel; and
a shoe coupled to the tubular liner, the shoe including a third fluid passage;
wherein the first, second and third fluid passages are cperably coupled.

An apparatus for expanding a tubular member, comprising:
a support member, the support member including:
a first fluid passage;
a second fluid passage; and
a flow control valve coupled to the first and second fluid passages;
an expandable mandrel coupled to the support member, the expandable
mandrel including a third fluid passage coupled to the first fluid
passage; ,
amb\ﬂarmunbereoupledtothemandml,thembnlarmemberincluding
one or more sealing elements;
a shoe coupled to the tubular member, the shoe including:
a fourth fluid passage euupbdtothethirdﬂuidpassage,thefourth
fluid passage adapted to receive a stop member; and
one or more exhaust passages coupled to the fourth fluid passage for
injecting fluidic material cutside of the shoe; and
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5.

at least ne sealing member coupled to the support member, the sealing
member adapted to prevent the entry of foreign material into an
interior region of the tubular member.

A method of joining a second tubular member to a first tubular member, the

first tubular member having an inner diameter greater than an outer diameter of
the second tubular member, comprising:

positioning a mandrel within an interior region of the second tubular
member;

pressurizinga portion of the interior region of the second tubular member;
nd |

extruding the second tubular member off of the mandrel into engagement
with the first tubular member. ,

A tubular liner, comprising:
an annular member, the annular member including:
one or more sealing members at an end portion of the annular
member; and
one or more pressure relief passages at an end portion of the annular
member. :

A wellbore casing, comprising:

a tubular liner, the tubular liner formed by the process of:
extruding the tubular liner off of a mandrel; and

an annular body of a cured fluidic sealing material coupled to the tubular
liner.

A tie-back liner for lining an existing wellbore casing, comprising:

a tubular liner, the tubular liner formed by the process of:
atrudingatleastaportionofthembularlimroﬂ'ofamandrel;and

an annular body of a cured fluidic sealing material coupled to the tubular
liner,
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An apparatus for expanding a tubular member, comprising: -
a support member including a first fluid passage;
a mandrel coupled to the support member, the mandrel including:
a second fluid passage operably coupled to the first fluid passage;
an interior portion; and
an exterior portion;
wherein the interior portion of the mandrel is drillable;
an expandible tubular member coupled to the mandrel; and
a shoe coupled to the tubular member, the shoe including:
a third fluid passage operably coupled to the secuad fluid passage;
an interior portion; and .
an exterior portion;
wherein the interior portion of the shoe is drillable.
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